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Goodbody. Resolution Pharmaceuticals Inc. of Mississauga, Ontario, is named as the 
Assignee on the face of both patents. The '006 patent is a continuation of the '885 patent 
and the '006 patent has a terminal disclaimer so that (assuming all maintenance fees are 
paid) both patents will expire on the same day. Copies of the '885 and '006 patents are 
here attached as Appendices A and B, respectively. 

2. Proposed Count : Applicants propose a single count reading: 

Claim 1 of U.S. Patent No. 5,780,006 
OR 

Claim 2 of U.S. Patent Application No. 08/253,973 

Because of the different terminology in application No. 08/253,973 ("the '973 
application") and in the '885 and '006 patents, it is believed that the most efficient way to 
set up this interference would be to use alternative claims as the Count. This procedure 
has become quite common in interferences involving biotechnology and has been 
explicitly endorsed in Hsing v. Myers , 2 U.S.P.Q. 2d 1861, fn 1 (BPAI 1986). The use of 
alternative claims as the Count ensures compliance with the requirement of 37 C.F.R. § 
1.606 that, when an interference is initially declared, the Count should not be narrower in 
scope than any patentable application claim or any patent claim designated to correspond 
to the Count. 

The following analysis is being furnished in order to show that the parties to the 
proposed interference are, in fact, claiming the same patentable invention. 

In claim 2 of the '973 application, the digits represented by n, m and p can be each 
0 or 1. If all three are 0, said claim would read: 

2. A reagent comprising a targeting moiety covalently linked 

to a metal chelator having a formula: 
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R O 




wherein: 

each R' is independently H, lower alkyl, hydroxyalkyl (C 2 -C 4 ), or 
alkoxyalkyl (C 2 -C 4 ); 

each R is independently H or R", where R" is substituted or 
unsubstituted lower alkyl or phenyl not comprising a thiol group; 

one R or R' is L, wherein when an R' is L, -NR' 2 is an amine; and 

L is a bivalent linking group linking the chelator to the targeting 
moiety. 

The essential feature of the chelating moiety in said claim is the presence of a 
single amine group, two amide groups and a single thiol group. This feature is also 
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present in claim 1 of the '006 patent as can be seen from the following side-by-side 
comparison of the two structural formulae: 

c 973 Application '885 and '006 Patents 

* R . ffilT " amine* ~i R 2 



amide 




amine 



R thiol, R 7 = H 
R 




amide 



Now, if we use the terminology of the '885 and '006 patents and put them into the 
modified structural formula of the '973 application, we obtain a structure which appears 
as: 



R 3 - 



i 



\ 
HN. 



H 



O 
II 

-C- 



/ N 
R 2 \ 



Y 



R 7 S R 6 



The. following table shows the definitions of the various substituent groups in the '885 
and '006 patents and in the '973 application which would be common to both parties: 



'006 Patent 
Claim 1 

X is a linear . . . saturated . . . 
Ci. 4 alkyl chain that is optionally 
interrupted by . . . O, . . . and is 
optionally substituted by 
. . . hydroxyl . . . 



'973 Application 
Claim 2 

R' is . . . lower alkyl, 
hydroxyalkyl (C 2 -C 4 ) or 
alkoxyalkyl (C 2 -C 4 ) 
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'006 Patent 
Claim 1 



'973 Application 
Claim 2 



Y is H or a substituent defined 
byX 



R' through R 4 are selected 
independently from H; . . . Ci_ 4 
aikyl; Cj_ 4 alkyl substituted with 
. . . hydroxyl; ... and C(0)Z [Z = 

H] 

R 5 and R 6 are selected 
independently from H; . . . C]_ 4 
alkyl; Ci_ 4 alkyl substituted by 
hydroxyl; ... and C(0)Z [Z = H] 



R 7 



IS 



H 



J 



V 



[Z = H] 



R' is . . . H, lower alkyl, 
hydroxyalkyl (C 2 -C 4 ) or 
alkoxyalkyl (C 2 -C 4 ) 

R is independently H or R" 
where R" is substituted or 
unsubstituted lower alkyl . . . not 
comprising a thiol group 

["substituted" includes hydroxyl 
(page 11, line 27) and R" includes 
carboxylic acid (page 11, line 29)] 



H 



R is carboxylic acid (page 1 1, line 
29) 



Z is ... a targeting molecule 



one of R . . . is L . . . and L is a 
bivalent linking group linking 
the chelator to the targeting 
moiety 



3. Claims in the Patents which Correspond to the Proposed Count : Claim 1 of 
the '006 patent corresponds exactly to the proposed Count. The remaining claims of the 
'006 patent and all of the claims in the '885 patent correspond substantially to the 
proposed Count. 
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4. Identification of Application Claims which Correspond to the Count and 
Explanation of the Application and Patent Claims which do not Correspond Exactly to 
the Count : Claim 2 of the '973 application corresponds exactly to the Count. 

As noted above, all of the claims of the '885 patent and claims 2 through 22 of the 
'006 patent correspond substantially to the Count. 

Claim 1 of the '885 patent does not permit the substituent Y to be a hydrogen atom 
and includes the additional limitation that the targeting molecule be a peptide. Claim 2 
requires that the peptide comprise three or more amino acids. These claims correspond to 
the Count because the essential feature of the chelator - the amine/diamide/thiol chelating 
moiety remains the same. 

Claim 3 of the '885 patent defines a compound in which the chelator of claim 2 of 
the '006 patent is complexed with a metal radionuclide or an oxide or nitride thereof. 
Claim 4 is a further limitation that the radionuclide be technetium or an oxide thereof. 
Complexing a chelator, including a chelator linked to a targeting moiety, such as a 
peptide, with a radionuclide is well known in the art. Claim 5 is analogous to claim 3 
except that Y is not permitted to be hydrogen. 

Claim 6 of the '885 patent indues the combined limitations of claims 1 and 3. 
Claims 7-1 1 are ultimately dependent from claim 6. The essential features of the chelator 
remain the same and, therefore, these claims also correspond to the proposed Count. 

Claim 12 of the '885 patent claims a specific chelator complexed to a metal 
radionuclide. Claim 13 limits the radionuclide to technetium or an oxide thereof. The 
chelating portion of the compound: 

N,N-dimethylGly — Thr— Cys(acm) . . . 
conforms to the requirements of claim 1 of the '006 patent. 

Claims 14 and 15 of the '885 patent are essentially the same as claims 6 and 8, 
respectively, except that Y is not permitted to be a hydrogen atom. 
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Claims 16 through 18 of the c 885 patent are directed to the compound in which the 
chelating moiety is 

N,N-dimethylGly — Ser — Cys(acm) . . . 
which falls within the structural limitations of claim 2 of the '006 patent. 

In the '006 patent, claims 2 through 8 define various substituents of the structural 
formula in claim 1 and thus are directed to specific amino acid moieties. The essential 
amine/diamide/thiol chelate structure is not affected and therefore these claims 
correspond to the proposed Count. 

Claim 9 of the c 006 patent limits Z to a "targeting molecule" and, based on 
disclosure of this patent, it appears that it is intended that only one Z be a targeting 
molecule. Claim 10 requires that the targeting molecule be a peptide. Claim 1 1 requires 
that the peptide comprise three or more amino acid residues. Claims 12 and 13 are 
directed to specific peptide sequences. For reasons discussed above as to certain 
dependent claims of the 4 885 patent, these claims of the '006 patent also correspond to 
the proposed Count. 

Claim 14 of the c 006 patent is directed to a specific compound. The chelating 

moiety 

N,N-dimethylGly— Thr— Cys(acm) ... 
is included in the structure of claim 2. 

Claims 15 through 22 of the '006 patent are method claims directed to the use of 
compounds falling within the scope of claim 1. These methods are not patentably distinct 
from the compounds themselves. 

As noted above, claim 2 of the '973 application would correspond exactly to the 
Count. All of the remaining claims in the '973 application are dependent from claim 2. 
All claims in the application have been rejected under 35 U.S.C. § 103(a). The question 
of which of these dependent claims would correspond to the proposed Count can be 
determined only after outcome of the appeal proceedings. 
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5. Application of the Terms of Newly-Presented Claims in the Application to 
the Disclosure : No claims are being added. 

6. Requirements of 35 U.S.C. § 135(b) : The c 885 patent was issued on 2 
September 1997. Claim 2 of the '973 application was an original claim, and said 
application was filed on 3 June 1994. Amendments have been made in claim 2, but none 
of them enlarge the scope of the claim. 



In the proposed interference, Applicants would be entitled to the benefit of 
application No. 08/092,355 filed on 15 July 1993 and of application No. 08/095,760 filed 
on 21 July 1993. A copy of application No. 08/092,355 as filed is here attached as 
Appendix C. Pages 19 and 20, which were difficult to read as originally filed, are 
replaced by new pages 19a, 19b, 20a and 20b. These new pages were submitted with an 
amendment filed on 27 October 1998. A copy of U.S. Patent No. 5,620,675, which 
issued on application No. 08/095,760, is attached as Appendix D. 

On 24 June 1999, Applicants amended the instant application to claim priority 
from said two earlier-filed applications. 

The priority claim is based on the fact that both earlier applications disclose 
reagents within the scope of Applicants' claims. The following table identifies the 
reagents in the '973 application application and shows where they also appear in 
application No. 08/092,355 and in U.S. Patent No. 5,620,675. 



Priority 
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'973 Application Application No. 08/092,355 U.S. Patent No. 5,620,675 



page 23 , line 13 




col. 


11, line 52 


page 23 , line 14 


page 19a, 2 nd line 






page 23 , line 15 


page 18, line 26 






page 23, line 25 




col. 


11, line 44 


page 23 , line 26 




col. 


11, line 55 


page 23 , line 27 




col. 


11, line 45 


page 23, line 28 




col. 


11, line 40 


page 23 , line 29 




col. 


11, line 48 


page 23 , line 31 




col. 


11, line 31 


page 23 5 line 32 




col. 


11, line 37 


page 23 , line 33 




col. 


11, line 39 


page 23, line 34 


page 18, line 21 






page 23, line 35 




col. 


11, line 35 



It is therefore requested that in the proposed interference, Applicants be accorded the 
benefit of these earlier filed application. 

Status of the Parties in the Proposed Interference 
The effective filing date for both the c 885 and the '006 patent is 22 July 1994. The 
'973 application was filed on 3 June 1994 and, as discussed above, is a continuation-in- 
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part of two earlier applications. Therefore, in the proposed interference, Applicants will 
be senior party. 
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ABSTRACT 



For use in imaging sites of diagnostic interest within the 
body, the present invention provides radionuclide chelators, 
optionally coupled to targeting molecules such as peptides 
of the formula: 
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PEPTIDE DERIVED RADIONUCLIDE 
CHELATORS 

FIELD OF THE INVENTION 

This invention is in the field of diagnostic imaging, and 
relates to chemical chelators useful in the radiolabeling of 
agents that target tissues of diagnostic interest 

BACKGROUND OF THE INVENTION 

The art of diagnostic imaging exploits contrasting agents 
that in binding or localizing site selectively within the body, 
help to resolve the image of diagnostic interest 67 Gallium 
salts, for example, have an affinity for tumours and infected 
tissue and, with the aid of scanning tomography, can reveal 
afflicted body regions to the physician. Other contrasting 
agents include the metal radionuclides such as ""techne- 
tium and 186/1B8 rhemum, and these have been used to label 
targeting molecules, such as proteins, peptides and antibod- 
ies mat localize at desired regions of the human body. 

As targeting agents, proteins and other macromolecules 
can offer the tissue specificity required for diagnostic accu- 
racy; yet labeling of these agents with metal radionuclides is 
made difficult by their physical structure* Particularly, pro- 
tein and peptide targeting agents present numerous sites at 
which radionuclide binding can occur, resulting in a product 
that is labeled heterogeneously. Also, and despite their 
possibly large size, proteins rarely present the structural 
configuration most appropriate for high affinity radionuclide 
binding, Le. a region incorporating four or more donor atoms 
that form five-membered rings. As a result, radionuclides are 
bound typically at the more abundant low-affinity sites, 
forming unstable complexes. 

To deal with the problem of low affinity binding, Paik et 
al (Nucl Med Biol 1985, 12:3) proposed a method whereby 
labeling of antibodies is performed in the presence of excess 
DFTA (diarmnetrimethylenepentaacetic acid), to mask the 
low affinity binding sites. While the problem of low affinity 
binding is alleviated by this method, actual binding of the 
radionuclide, in this case technetium, was consequently also 
very low. The direct labeling of proteins having a high 
proportion of cysteine residues also has been demonstrated 
(Dean et al; WO 92/13,572). This approach exploits thiol 
groups of cysteine residues as high-affinity sites for radio- 
nuclide binding, and is necessarily limited in application to 
those targeting agents having the required thiol structure. 

A promising alternative to the direct labeling of targeting 
agents is an indirect approach, in which targeting agent and 
radionuclide are coupled using a chelating agent Candidates 
for use as chelators are those compounds that bind tightly to 
the chosen metal radionuclide and also have a reactive 
functional group for conjugation with the targeting mol- 
ecule. For use in labeling peptide and protein-based target- 
ing agents, the chelator is ideally also peptide-based, so that 
the chelator-targeting molecule conjugate can be synthe- 
sized in toto using peptide synthesis techniques. For utility 
in diagnostic imaging, the chelator desirably has character- 
istics appropriate for its in vivo use, such as blood and renal 
clearance and extravascular diffusibllity. 

SUMMARY OF THE INVENTION 

The present invention provides chelators that bind diag- 
nostically useful metal radionuclides, and can be coupled to 
targeting agents capable of localizing at body sites of 65 
diagnostic and therapeutic interest. The chelators of the 
present invention are peptide analogs designed structurally 



to present an N 3 S configuration capable of binding oxo, 
dioxo and nitrido ions of ^"technetium and 18 ^ I8 ^heiiiiinL 
More particularly, and according to one aspect of the 
invention, there are provided metal radionuclide chelators of 
the formula: 
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wherein 

X is a linear or branched, saturated or unsaturated 
C^alkyl chain that is optionally interrupted by one or 
two fieteroatoms selected from N, O and S; and is 
optionally substituted by at least one group selected 
from halogen, hydroxy!, amino, carboxyl, Chalky 1, 
aryl and C(0)Z; 
Y is H or a substituent defined by X; 
X and Y may together form a 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hy droxyl, 
amino, carboxyl, oxo, C^alkyl, aryl and C(0)Z; * 
R l through R 4 are selected independently from H; car- 
boxyl; C 1-t alkyl; C^alkyl substituted with a group 
selected from hydroxyl, amino, sulfhydryl, halogen, 
carboxyl, C^alkoxycarbonyl and aminocarbonyl; an 
alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0)Z; 
R 5 and R 6 are selected independently from H; carboxyl; 
C^alkyl; C^alkyl substituted by hydroxyl, carboxyl 
or amino; and C(0)Z; 
R 7 is selected from H and a sulfur protecting group; and 
Z is selected from hydroxyl and a targeting molecule. 
According to another aspect of the invention, the chela- 
tors of the above formula are provided in a form having the 
metal radionuclide complexed therewith. 

In another aspect of the invention, there is provided a 
conjugate in which the chelator is provided in a form 
coupled to a diagnostically useful targeting molecule, and 
optionally in combination with a complexed metal 
radionuclide, far imaging use. 

m another aspect of the invention, there is provided a 
method of imaging sites of diagnostic interest in which a 
conjugate of the invention is first administered as a radio- 
nuclide complex to a patient; and then the location of the 
radionuclide is detected using imaging means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an HPLC analysis of conjugate N,N- 
dimethylGly-Ser-C^s(Acm)^ly-Thr-Lys-Pro-Pro-Arg-OH 
[SEQ ID NO: 1] labeled with ""It. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides metal radionuclide chelators that 
when coupled to a targeting molecule are useful for deliv- 
ering a radionuclide to a body site of therapeutic or diag- 
nostic interest As illustrated in the above formula, the 
chelators are peptidic compounds that present an N 3 S con- 
figuration in which the radionuclide is complexed. 
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Terms defining the variables R J -R 7 , X, Y and Z as used the coordinating nitrogen of the nng is necessarily trivalent 

hereinabove have the following meanings: and cannot form a double bond to an adjacent atom. The 

"alkyr refers to a straight or branched chain; heterocyde formed by X and 

M ;„ r JT . . t .V . c , two additional heteroatoms selected from N, O and S. Rings 

«aryr refers to aromatic and heteroaromatxc nngs; s JJ^^^ hetaroatoms but are not limited 

"halogen" refers to F, Gl and Br; l-imidazole, pyrazole, piperazine, morpholine and thiomor- 

"sulfur protecting group" refers to a chemical group that pholine. The ring formed by X and Y may also be substituted 

inhibits oxidation of a thiol group, which includes those ^ Qne ^ m(jrc ^ preferably i ess than three groups 

that are cleaved upon chelation of the metal. Suitable sdected fr<jm hydroxyl carboxyl, exo, C^alkyl 

sulfur protecting groups include known alkyl, aryl, 10 d . f k tQ form 4^ xo -i. p iperidine, 4-oxo-l- 

acyl alkanoyl, aryloyl, mercaptoacyl and organothlo pya ^ nt ^ ^ydroxy-l-piperidine. 

groups. ... For diagnostic imaging purposes, the chelator pre se may 

In preferred embodiments of the invention, the chelators fee ^ £* a fQrm niBplexcd with a met al radionuclide, 

conform to the above formula in which: Suitable radionuclides include technetium and rhenium in 

R A through R 4 are selected independently from H; and a 15 mejx various forms such as ReO*% Re0 2 + » 99B Tc0 2 + and 

hydroxy-substituted C^alkyl group such as most preferably "TcO*". Desirably and according to a 

hydroxymethyl and 1-hydroxyethyl; preferred aspect of the invention, the chelator is coupled to 

R 5 and R 6 are selected independently from H and a targeting molecule represented by Z in the above formula. 

Cj^alkyl, and are preferably both H; to form a conjugate that serves to deliver a chelated radio- 

R 7 is a hydrogen atom or a sulfur protecting group and is 20 nuclide to a desired location in a marnmaL Examples of 

most preferably acetamidomethyl; targeting molecules suitable for coupling to the chelator 

X is a C^alkyl chain, preferably methyl or ethyl; or is a delude but are not limited to, steroids, ^oteins^ peptides 

C^fchaiS an aryl group, prefer- antiboto, nucleotides and '^f^^^^'f^ 

ahiv hf>nTvi- molecules include proteins and peptides, particularly those 

awy oenzyi, „ ^ v * U t 25 capable of binding with specificity to cell surface receptors 

Y is H or a subsutuent defined by X; and is preferably ch £ acterist ic 0 f a particular pathology. For instance, disease 

methyl or ethyl and most preferably the same as X; ^ assodated with over-expression of particular protein 

Z is OH or a targeting molecule, and is preferably a receptors can be imaged by labeling that protein or a 

peptide targeting molecule. receptor binding fragment thereof coupled to a chelator of 

Specific chelators of the invention include: 30 ^^01^ M 0S t preferably targeting molecules are peptides 

N^-dimethylGly-Ser-Cys(Acm)-Z; and capable of specifically binding to target sites and have three 

NJ^-dimemylGly-Thr-Cys(Acm)-ZrOH. or more amino acid residues. Targeting peptides useful to 

In the case where the substituents represented by X and Y image certain medical conditions and tissues are noted 

together with the adjacent nitrogen atom form a hetero ring, below. 



for atherosclerotic plaque: 

YRALVDTUK [SEQ ID NO: 2] RALVDTLK [SEQ ID NO: 3] 

RALVDTLKFVTQAEGAK [SEQ ID NO: 4] YAKFRKTLEDTRDRMY [SEQ ID NO: 5] 

AKFRETLEDTRDRMY [SEQ ID NO: 6) AALDLNAVANKIADFEL [SEQ ID NO: 7] 

YAALDLNAVANKIADFEL [SEQ ID NO: 8] YRALVDTLKFVTEQAKGA [SEQ ID NO: 9] 

RALVrmjKFVTEQAXGA [SEQ ID NO: 10] YRALVDTEFKYKQEAGAK [SEQ ID NO: 11] 

RALVDTEFKVKQEAGAK [SEQ ID NO: 12] YRALVDTLKFVTQAEGAK [SEQ ID NO: 13] 

for Inflections and atherosclerotic plaque: 

VGVAPGVGVAPGVGVAPG [SEQ ID NO: 14] fonDyUfleuIJ.Nlcu.YK [SEQ ID NO: 15] 

VPGVGVPGVGVPGVGVPGVG [SEQ ID NO: 16] formylMIEL [SEQ ID NO: 17] 

fannylMLFX [SEQ ID NO: 18] formylMLFl [SEQ ID NO: 19] 

fonnylMFIL [SEQ ID NO: 20] farmylMFLl [SEQ ID NO: 21] 

formylMLIF [SEQ ID NO: 22] formylMIIP [SEQ ID NO: 23] 

fbmiylTKPR [SEQ ID NO; 24] VOVAPG [SEQ ID NO: 25] 

formylMLF [SEQ ID NO: 26] YK5SR 
CHiCO.YlGSRC [SEQ ID NO: 27] 

for thrombus: 

NDGDFEEffiEEYLQ [SEQ ID NO: 28] NDGDEEEIPEEYtSOjNa^Q [SEQ ID NO: 29] 

GPRG [SEQ ID NO: 30] 

far platelets: 

D-PheJ?RPGGGGNGDFEEIPEEYL [SEQ ID NO: 31] RRRRRRRRRGDV [SEQ ID NO: 32] 

PLYKKUKKLLES [SEQ ID NO: 33] ROD 
RGDS [SEQ ID NO: 34] 

for amyloid plaque (Alzheimer's disease): 

EKPLQNFILSFR [SEQ ID NO: 35] 



such a ring may be a 5- to 8-membered. saturated ring, for 
example pyrrolidine, piperdine, 1-azacycloheptane and 65 
1-azacyclooctane. Unsaturated rings formed by X and Y 
include pyrrole and 4H-pyridine while it is understood that 



For connection to the chelator, a targeting molecule may 
comprise a "spacer** that serves to create a physical separa- 
tion between the chelator and the targeting molecule. A 
spacer may be an alkyl chain that is derivatized for coupling 
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to the chelator. In the case where the targeting molecule is dlcydocaAodilmide (DCQ. Upon formation of a peptide 
a peptide, the spacer may suitably be one or more amino add bond, the reagents are washed from the support Once the 
residues. Preferably, peptidic targeting molecules incorpo- targeting peptide chain is synthesized, the first residue of the 
rate spacers of from 1 to 5 amino adds such having chdator ie. S-acetamidomethyl protected cysteine is added 
chemically inert a-carbon side chains, such as glycine ox 5 to the N-terminus, The final residue of the chelator is a 
(J-alanine residues. derivatized amino add residue that conforms to me formula 
A targeting molecule may be coupled to a chdator of the (X)(Y)N— C(^ 1 y^ 2 )—CO~- wherein X, Y, R 1 and R 2 have 
invention at various sites induding R 1 to R 6 , X, Y and Z as the meaning previously defined. The final residue, for 
well as a ring formed by X and Y. Coupling may be achieved example dimethyl-glydne or sarcosine, may be commer- 
by reacting a group present on the targeting molecule that is 10 dally obtained or may be synthesized. The completed con- 
reactive with a substituent on the chelator to form a linkage. jugate is cleaved from the support with a suitable reagent 
For example, peptide targeting molecules having a free such as trifluoroacetic acid (TFA). 
amino group, such as an N-terminus or an e-amino-lysine It will be appredated that all substituents R 1 through R 4 
group may be reacted with a carboxyl group on the chelator according to the invention are side chains of naturally 
to form an amide linkage. Alternatively, the C-terminus of 15 occurring or derivatized amino adds induding D-amino 
the peptide targeting molecule may be reacted with an amino acids and are commercially available and compatible with 
substituent on the chdator. In a preferred embodiment, solid phase synthesis techniques. Derivatized amino add 
targeting molecules are coupled to chelators of formula (I) residues that are not commerdalry available may be incor- 
at substituent Z by an amide linkage such as a peptide bond. porated in chelators of the invention by synthesizing them 
For example, the N-terminus amino group of a peptide 20 according to established organic chemistry techniques and 
targeting molecule is reacted with a carboxyl group at Z. inserting at the appropriate stage of solid phase peptide 
Targeting molecules other than peptides may be coupled to synthesis previously described. Similarly when substituents 
chelators of the invention in a similar manner provided that R 5 and R are other than H, a derivatized cysteine amino 
a group suitable for coupling to the chelator is present In the acid residue is utilized in the peptide synthesis. For example, 
instance that a suitable group is not present, the targeting 25 the commercially available residue penecillarnine is incor- 
molecule may be chemically derivatized to present such a porated when R and R 6 are both methyl 
group. When more than one reactive group is present on the Various substituents at X and Y may be introduced in 
chelator or targeting molecule, tt is desirable to block all but chelators of the invention by incorporating as the final 
the particular group for coupling with an appropriate block- residue of solid phase synthesis a derivatized amino acid 
ing agent in order to achieve a single conjugate species. Fox 30 according to the formula (X)(Y)N— C(R 1 XR 2 ) — C(0) — 
example, free carboxyl groups may be protected by forming OH wherein X, Y, R 1 and R 2 have the meaning previously 
esters such as a t-butyl ester which can be removed with described. Amino adds having N-terminal amino substitu- 
TFA. Free amino groups may be protected with a blocking ents according to X and Y may be synthesized according to 
group such as FMOC which may be subsequently removed established organic chemistry procedures and techniques, 
with piperdine. 35 For example, when X and Y are both dibenzyl substituents 
In a particular embodiment of the invention, imaging in the corresponding dibenzylglycine residue may be synthe- 
vivo sites of focal inflammation is accomplished using a sized by reacting commercially available reagents bro- 
conjugate in which the targeting molecule is a chemotactic moacetic add and dibenzylamine in a suitable solvent such 
peptide comprising the amino acid sequence Thr-Lys-Pro- as dichloromethane and then heating. Other amines may be 
Pro- ArgCTKFPR) [SEQ ID N036]. Jt has been found that 40 employed in the reaction in place of m*Denzylamine such as 
this peptide binds particularly well to leukocytes receptors. diisopropylamine to give the corresponding diisopropylgly- 
Targeting peptides can be spaced from the chelator by cine. Similarly cyclic amines such as piperidine and mar- 
additional amino add residues, preferably glycine, provided pholine in place of dibenzylamine will give the correspond- 
the peptide retains its localizing activity. In a particular ing piperidylglycine and morpholinylglydne residues, 
embodiment, the peptide TKPPR [SEQ ID NO:36] is 45 In a most preferred embodiment of the invention a 
coupled to substituent Z of chelators according to formula peptide-chelator conjugate is prepared on a solid support and 
(I) by a Gly residue. has, the structure of formula (I) wherein the targeting mol- 
- Peptide-based targeting molecules can be made, dtherper ecule is a peptide having a sequence Gly-Thr-Lys-Pro-Pro- 
se of as a conjugate with a chelator, using various estab- Arg-OH [SEQ ID N037]; R\ R 2 , R 3 , R 5 and R 6 are H; R* 
lished techniques. Because it is amenable to solid phase 50 is hydroxymethyl or 1-hydroxy ethyl and R 7 is acetamidom- 
synthesis, employing alternating FMOC protection and ethyL ^corporation of the selected radionuclide within the 
deprotection is the preferred method of making short pep- chdator can be achieved by various established methods, 
tides. Recombinant DNA technology, is preferred for pro- For example the following general procedure may be used, 
ducing proteins and long fragments thereof. In a particular A chelator solution is formed initially by dissolving the 
embodiment, peptide-chelator conjugates are prepared by 55 chdator in aqueous alcohol eg. ethanol-water 1:1. Oxygen is 
solid-phase peptide synthesis methods, which involve the removed for example by degassing with N 2 , then sodium 
stepwise addition of amino add residues to a growing hydroxide is added to remove the thiol protecting group. The 
peptide chain that is linked to an insoluble (solid) support or solution again purged of oxygen and heated on a water bath 
matrix, such as polystyrene. The C-terminal residue of the to hydrolyze the thiol protecting group, and the solution is 
targeting peptide is first anchored to a commercially avail- 60 then neutralized with an organic add such as acetic add (pH 
able support with its amino group protected with an 6.0-6 .5). In the labeling step, sodium pertechnetate is added 
N-protecting agent such as a fiuorenylmethoxycarbonyl to a chelator solution with an amount of stannous chloride 
(FMOC) group. Typically, the support is obtained with the sufficient to reduce the technetium. The solution is mixed. 
C-terminal residue prdoaded in protected form. The amino and left to react at room temperature and men heated on a 
protecting group is removed with suitable deprotecting 65 water bath. In an alternative method, labeling can be accom- 
agents such as piperidine and the next amino add residue (in plished with the chelator solution adjusted to pH 8. At this 
N-protected form) is added with a coupling agent such as higher pH, pertechnetate may be replaced with a solution 



5,662,885 

7 8 

containing technetium completed with labile ligands suit- of a clear yellow liquid. This liquid was slowly dropped into 

able forligand exchange reactions with the desired chelator. 30-35 mL of cold tert-butyl ether in a 50 roL conical 

Suitable ligands include tartarate, citrate and heptaglucon- polypropylene centrifuge tube forming a white precipitate* 

ate. Stannous chloride may be replaced with sodium dithion- The precipitate was centrifuged at 7000 rpm, 0° C for 5 

ite as the reducing agent if the chelating solution is alter- 5 minutes (Sorvall PT6000, Dupont), decanted and washed 

natively adjusted to a still higher pH of 12-13 for the two more times with tert-butyl ether. Following drying 

labeling step. The chelators of the present invention can be under vacuum the precipitate was dissolved in water. The 

coupled to a targeting molecule prior to labeling with the solution was frozen in acetone-dry ice and lyophilized 

radionuclide, a process referred to as the "bifunctional overnight The resulting white powder was dissolved in 

chelate" method. An alternative approach is the "prelabeled 10 water, filtered th rough a 0.45 urn syringe filter (Gelman 

ligand" method in which the chelator is first labeled with a Acrodisc 3 CR FTFE), and purified by reversed-phase 

radionuclide and is then coupled to the targeting molecule. HPLC (Bcckman System Gold) with a C18 column (Waters 

The labeled chelator may be separated from contaminants RCM 25x10) using 1% TEA in water as buffer A and 1% 

"TcCV* and colloidal ""Tc0 2 chromatographically, e.g., TFAin acetomtrile as buffer B. The column was equilibrated 

wim aC-18SepPakcoluinnacuvatedwimethanolfollowed is with 100:0 buffer Arbuffer B and eluted with a linear 

by dilute HQ. Eluting with dilute HC1 separates the gradient in 25 minutes at 1 mL/min to 50% buffer B. 

*®"Tcb 4 ~ and eluting with EtOH-saline 1:1 brings off the Fractions were reanalysed on the HPLC and pooled accord- 

chelator while colloidal "TcOj remains on the column. ing to matching profiles. The pure fractions were frozen in 

When coupled to a targeting molecule and labeled with a acetone-dry ice and lyophilized 12 hours to give a white 
diagnostically useful metal, chelators of the present inven- 20 powder, 
tion can be used to detect pathological conditions by tech- 
niques c»mmon in the art of diagnostic imaging. A chelator- EXAMPLE 2 
targeting molecule conjugate labeled with a radionuclide 

metal such as technetium may be administered to a mammal Labeling of Peptide-Chelator Conjugates N^-c^mylGly- 

intralymphatically, intraperitonealiy and preferably intrave- 25 Ser-<^s(Acm)^y-Thr^ ID NO:l] 

nously in a pharmaceutical acceptable solution such as and N^-dimemylGly-Thr-Cys(Acm)-Gly-Thr-Lys-Pro- 

saline or blood plasma medium. The amount of labeled Pro-Arg [SEQ ID NO:38] ^ 

conjugate administered is dependent upon the toxicity pro- The conjugates of example 1 were reconstituted (200 uL; 

file of the chosen targeting molecule as well as the profile of 1 mg/mL saline) and then injected into 3 mL vacutainers 

the metal and is typically in the range of about 0.01 to 100 30 w ± m jqO uL pertechnetate (10 mCi) and 100 uL stannous 

and preferably 10 to 50 mCi per 70 Kg host Localization of gluconate (50 ug stannous chloride and 1 mg sodium 

the metal in vivo is tracked by standard scinitigraphic gluconate). The tubes were placed in boiling water bam for 

techniques at an appropriate time subsequent to its admin- yi minutes and then filtered through a Whatman PVDF 

istration. The time at which an image may be obtained will syringe filter to collect the labeled conjugate solutions which 

depend upon the profile of the targeting molecule, for 35 were further diluted with saline to prepare injectable solu- 

example most peptides will localize rapidly allowing for an tions (2 Mbq/mL). The conjugates were isolated by HPLC 

image to be obtaked within 3 hours and 0 (Beckman) from a (20 uL) sample (before dilution) to 

In a particular embodiment, chelator s of th e invention determine the labeling yield by measuring radioactivity, 

coupled to a peptide targeting molecule GTKPPR in a saline 3^ conjugate gave a single peak and greater man 94% 
solution are adniinistered by intravenous injection to image 40 | a hpiing yield. 24hours after labeling, N,N^limethylGly- 

sites of focal inflammation. Ser^s(Acm)-Gly-Thr-Lys-Pro-Rro-Arg [SEQ ID NO:l] 
The following examples are presented to illustrate certain was reanalyzed on HPLC No degradation or radiolysis 

embodiments of the present invention. products were observed. 

EXAMPLE1 « EXAMPLE 3 

Preparation of Peptide-Chelator Conjugates N,N- 

dimethylGly-Ser-Cys(Acm)-Gly-Thr-Lys-Pro-Pro-Arg ^ ^ iniflgl - ng Biodistribution of Conjugates 
[SEQIDNO:l]*andN^-dimemylGly-Thr-Cys(Acm)-Gly- n . • 

. Tm-Lys-Pro-Pro-Arg [SEQ ID NO:38] inflainmaUon studies were prformed as follows 2 

The tide conjures were prepared as a single peptide 50 ™* * ats W ? T 

/. L ,^T 8 * !l . . T^frto u « intramuscularly with (25 mg) zymosan, a yeast cell wall 

cham by solid phase peptide synthesis using FMOC chem- uHramuMwi-uijr mui J / frtf . A . - rt 

. J tLmiA . . , j j% _ „ a suspension, into their left hindlegs 24 hours before imaging. 

istrv on an FMOC-arcinine preloaded 2-methoxy-4- 1 ^™ ^ ' . . < , e . „ . . . 

7 " , . Y . & . /c , . t, . « . i. Focal inflammation in the leg was visually detectable after 

alkoxybenzyi alcohol resin (Sasnn Resin, Bachem Bio- w 1N ~u«i^.. t **a 

sciences In., Philadelphia) with an Applied Biosystems * **yA mg (ca. 0.7 uMol) of the c^ 
433A peptide synthesiL poster City. Gdif.). Denized 55 T*^" 5 ^ 

amino add residues S-aaUdomethyl-cysteine (Bachem) ethanol-water n^ture(l:L 200 uL). An ^ahquot oi ^Tc-99m 
and NJ^-dimethylglycine (Sigma Chemical Company, St tartarate *»• 400-^MBq) was added and tr^ela^ 
K Mo.) we£ kcorporated^t the appropriate stj, of flowed to proceed for 20 run, at 00° C TTie ^99m 
chain elongation. labeled conjugate was punned by solution through a Sep 

tT* Jt-^ **t_ * 1 xt xt a- *v Ar-i„ a* « Pak cartridge and then diluted with saline to prepare an 

Upon addition of the final residue N^-dimettiylGly, the 60 fLuilation (200 uL) containing about 100 uCi 

peptide-resm was dried under vacuum overnight and cleav- n7>^ ^ of activitv 
age of the peptide from the resin was achieved by mixing a & Maq) 01 a* 5 ™ 1 * 

cooled solution of 95 mL trifluoroacetic add (TFA), 0.5 mL The rats were anaesthetized with somnitol (40 to 50 
water. 0.5 mLthioanisole and 0.25 im^2-ethanedm^ol(lmL mg/kg), and the labeled conjugate solution (200 uL) was 
per 100 mg of peptide-resin) with the peptide-resin for IS 65 injected intravenously via the tail vein. Serial whole-body 
to 2 hours at room temperature. The resin was removed by scintigrams were acquired at 30 minutes. The rats were then 
filtration and washed with 1-3 mL of TFA to obtain 6-8 mL killed with anaesthesia overdose and samples of organs, 
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urine, blood, inflamed muscle (left leg) and non-inflamed 
muscle (right leg) and inflammatory exudate (fluid) were 
weighed and counted in either a well-type gamma counter ox 
in a gamma dose calibrator depending upon the organ. The 
dose calculations were made based on the assumption that 
the blood volume constituted 8% of body weight The results 
of the conjugates represented in the table below are averages 
for two rats and are corrected for the residual dose in the tafl. 
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Bom conjugates gave excellent sdnitigraphic images in 
comparison to other known inflammation imaging agents 
such as Ga-67, ""Tc-IgG, ul In-WBC and ""Tfc-Nanocoil 
which is indicated by the high target to background ratios 
; (infl amed:uninflamed muscle) observed. The conjugates 
imaged much more rapidly than the known agents and 
exhibited superior biodistribution. Also, non-target organs 
such as liver and GI tract showed low accumulation. 



Urine liver GI Tract 

Imaging Agent InflamUninfl Fhiidfllood (%dose) (%dose) (%dose) 

N^-dimethylGly-SCT. 53 1.9 63.5 2.4 Z8 

[SEQIDNO: 1] 
Cys(Acm)-GTKPPR-OH 
N^-dmKthvK?ly-Tfar- 
[SEQ H> NO: 38] 
Cys(Acm>GrKPPR-OH 
67 Ga 

in In-WBC 
*a*n>NanccoU 



4.6 


1.6 


68.5 


2.4 


ZS 


15 


0.1 


5.5 


26.5 


SA 


2S 


Oj03 


1.2 


17.6 


0.7 


IS 


0.1 


0.2 


365 


3.6 


33 


02 


0.8 


66.7 


2.1 



SEQUENCE LISTING 



( 1 ) GENERAL INFORMATION: 

( 1 1 i ) NUMBER OF SEQUENCES: 38 



( 2 ) INFORMATION FOR SBQ ID NO:l : 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino acids 
< B ) TYPE: amino add 
( C) STRANDEDNESS: single 
( D ) TOPOLOGY. Encar 

( i I ) MOLECULE TYPE: proton 



( i x ) FEATURE: 

( A )NAMB/KEY: Modificd-aile 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: footed ~Q\y at position 1 has an 
NJUiiucdijl group.** 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-iito 
(B)LOCATION:3 

( D ) OTHER INFORMATION: /noto- * , Cy* at poririon 3 ha» an 
Aon grocp.*" 



( i x ) FEATURE: 

( A ) NAME/KEY: Modified^ 
(B ) LOCATION: 9 

( D ) OTHER INFORMATION: Aiote» "Aig * position 10 u 
unsubftiiutcd or has an OH group." 

( x i ) SEQUENCE DESCRIPTION: SEQ ED NO:l: 

Oly Sex Cys Oty Thr Ly i Pro Pro Arg 
1 5 



< 2 ) INFORMATION FOR SEQ ID N02: 

( x ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Encar 



( i i ) MOLECULE TYPE: protein 
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-continued 



( x i ) SEQUENCE DESCRIPTION: SEQ ID N02: 

Tyr Arg Ala Leo V* 1 Aip Tht Leo Ly I 
1 5 

( 2 ) INFORMATION FOR SEQ ID NOS: 

( i ) SEQUENCE CHARACTERISTICS: 

( A ) LENGTH: 8 amino adds < 

( B ) TYPE; amino acid 

( C ) STRANDEDNESS: iinglo 

( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( % \ ) SEQUENCE DESCRIPTION: SEQ ID N03: 

Arg Ala Leo Va 1 Alp Thr Leo Lyi 
1 3 

( 2 ) INFORMATION FOR SEQ ID NO*: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tmgle 
( D ) TOPOLOGY: fines 

( i i ) MOLECULE TYPE: protein ^ 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

Arg Ala Leo Va 1 Aip Thr Leo Lyi Phe Val Thr Gin Ala Olu Oly Ala 
1 5 10 15 

Lyi 

< 2 ) INFORMATION FOR SEQ ID NOS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 16 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: finear 

( i i ) MOLECULE TYPE: protein 

(ii ) SEQUENCE DESCRIPTION: SEQ ID NO£: 

Tyr Ala Lyi Phe Arg Olo Thr Leo Olo A«p Thr Arg Aip Arg Met Tyr 
15 10 15 

( 2 ) INFORMATION FOR SEQ ID NOtf: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO.-6: 

Ala Ly* Phe Arg Olu Thr Leo Glo Aip Thr Arg Aip Arg Met Tyr 
15 10 15 

( 2 ) INFORMATION FOR SEQ ID NCK7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino odds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 
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( i i ) MOLECULB TYPE: proton 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:7: 



Ala Ala Leu Alp L 



« u Ata Ala Val Ala Asn Lys Me Ala Asp Pbc Olu 



15 10 15 

Leu 

( 2 ) INFORMATION FOR SEQ ID NO:* 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: flinglo 
( D ) TOPOLOGY* finoar 

( i 1 ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO A 

Tyr Ala Ala Leu Asp Leu A.o Ala Val Ala Ain Lys lie Ala Asp Phe 

Olo Leo 

( 2 ) INFORMATION FOR SEQ ID NO& 

( i ) SEQUENCE CHARACTERISTICS: - 
( A ) LENGTH: IS annuo adds 
( B ) TYPE: aunao add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: fiaear 

( i i ) MOLECULE TYPE: protein 

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO* 

Tyt Are Ala Leu Val Aip Thr Leu Lyi Pbe Val Tbi Olu Gin Ala Lys 
1 5 10 »5 

G 1 y Ala 

( 2 ) INFORMATION FOR SEQ ID NO-.10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A .) LENGTH: 17 amino adds 
( B ) TYPE: ansno add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i \ ) MOLPqnP. TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOtlO: 

Arg Ala Leu Val Asp Tbr Leu Lys Phe Val Tbr Olu OU Ala Lys Oly 



10 »5 



1 3 
A 1 a 

( 2 ) INFORMATION FOR SEQ ID NOU1: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: IS amino adds 
( B ) TYPE: innno arid 
( C ) STRANDEDNESS: stogie 
( D ) TOPOLOO Y: linear 

( i i )MOLECUl£ TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 

Tyr Arg Ala Leu Val Asp Tbr Olu Pbe Lys Val Lys Gin Olu Ala Oly 
, 5 10 15 



Ala Lys 



15 



5,662,885 

-continued 



16 



( 2 ) INFORMATION FOR SEQ ID NO:12: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: finear 

< i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

Arg Ala Loo Val A.p Thr OU Pho Lyi Val Lyi Gin Olu Ala Oly Ala 

. Ly. 



( 2 ) INFORMATION FOR. SEQ ID NO:13: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino acids 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: fiacar 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:13: v 

Tyt Ar 8 Ala Leu Val Aip Thr Leu Lyi Pho Val Thr Gin Ala Glu Oly 
1 5 1° 15 

Ala Ly t 



( 2 ) INFORMATION FOR SEQ ID NO:14: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: fines 

( t i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID KO-.14 

Val Oly Val Ala Pro Oly Val Gly Val Ala 
1 5 10 

Pro Gly 



( 2 ) INFORMATION FOR SEQ ID NO:15: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 6 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
( D )TOPOLOOY: finest 

( 1 i ) MOLECULE TYPE: protein 

( 1 X ) FEATURE: 

( A ) NAME/KEY: Modified- siie 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /noto "Leo at podtioa 1 b 
fbnnyLNorLcn.*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modificd-aite 
( B ) LOCATION: 4 

< D ) OTHER INFORMATION: /note» "Leo at position 4 b NorLcu." 
( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.15: 
Leu Leu Pho Lev Tyr Lyi 



Pro Gly Val Gly Val Al * 
1 5 



17 
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1 5 



( 2 ) INFORMATION FOR SEQ ID NO:16: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 20 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNBSS: single 
( D )TOPOLOOY: linear 

( i 1 ) MOLECULE TYPE: protein 

( x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO.16: 

Val Pio Oly Val Oly V a. 1 Pro Oly Val Oly Val Pro Oly Val Oly Va 
1 5 10 15 

Pro Oly Val Oly 
2 0 



( 2 ) INFORMATION FOR SEQ ID NO-.I7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x x ) FEATURE: 

( A ) NAME/KEY: Modified-ntt 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /note- *Met alposiiian J has a 

( x I ) SEQUENCE DESCRIPTION: SEQ ID NO-.17: 

Met lie Pbe Leo 
1 



( 2 ) INFORMATION FOR SEQ ID NO1I8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acids 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
(D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Modi6ed-c£e 
( B ) LOCATION: 1 

(D ) OTHER INFORMATION: /notes •Met at position i has at 
funnyl group.** 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO*.l8: 

Mot Leu Pho Lyi 
1 



( 2 ) INFORMATION FOR SEQ ID NO:19: 

( I ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 annuo add* 
( B ) TYPE: annuo add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Mocfificd-site 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /note* "Met at position has a 
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fbncyl gnwp*** 

(si ) SEQUENCE DESCRIPTION: SEQ © NO:19: 

Met Leu Pbe lie 
1 



< 2 ) INFORMATION FOR SEQ ID N02Q: 

( 1 ) SEQUENCB CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( 8 ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

< i 1 ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Mbtffied-site 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: Anote=» "Met at position 1 has a 

fuiiiijl group.** 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO20: 

Met Pbe lie Leu 
1 



( 2 ) INFORMATION FOR SEQ ID N021 : 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: proton 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-aite 
( B ) LOCATION: 1 

(D ) OTHER INFORMATION: /note= "Met at position has a 
futinyl group.** * . 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N031: 

Met Phe Leo lie 
1 



( 2 ) INFORMATION FOR SEQ ID N022: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B ) TYPE: nmno add 
( C ) STRANDEDNESS: tingle 
(D ) TOPOLOOY: fines 

( i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-stto 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /note- "Met at position 1 has a 
foimyl group." 

< x i ) SEQUENCE DESCRIPTION: SEQ ID N022: 

Me t Leu lie Pbo 
1 



( 2 ) INFORMATION FOR SEQ ID N023: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
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( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N023: 

Mot lie Leu Pbe 
1 



( 2 ) INFORMATION FOR SEQ ID NO:24: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( 1 I ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Mcxfified«tD 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /notes Tyr at position 1 has a 
fuuujl group." 



( x i ) SEQUENCE DESCRIPTION: SEQ ID N024: 
Thr Lyt Pro Arg 



( 2 ) INFORMATION FOR SEQ ID NCfc25: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino aoda 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
< D ) TOPOLOGY: linear . 

( i i ) MOLBCULB TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N025: 

Val Oly Val Ala Pro Gly 
1 5 



( 2 ) INFORMATION FOR SEQ ID N026: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 



( i i )MOLECULBTYPE: protein 

( x 1 ) SEQUENCE DESCRIPTION: SBQIDN026: 

Tyr lie Gly Ser Arg 
1 5 



( 2 ) INFORMATION FOR SEQ ID NOS7: 



( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino nod* 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 



( i i ) MOLEC!ULE TYPE: protein 



( i x ) FEATURE: 

( A ) NAME/KEY: Modincd-«i» 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: fuocc* Tyr at po*lkm 1 has a 
CH2CO group." 
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( x i ) SEQUENCE DESCRIPTION: SEQ ID N037: 

Tyr llo Oly Ser Arg Cyi 
1 5 



( 2 ) INFORMATION FOR SEQ ID N028: 

( 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: protein 

( x t ) SEQUENCE DESCRIPTION: SEQ ID N028: 

Ato Aip Oly Asp P b « Olo Olu lie Pro Olu Olu Tyr Lou Olo 
1 J - 10 



( 2 ) INFORMATION FOR SEQ ID NOS9: 

( i ) SEQUENCE CHARACTERISTICS; 

( A ) LENGTH: 14 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
(D ) TOPOLOGY: finear 

( 1 i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N029: 

Am Aip Oly A » p Pho Olu Olu lie Pro Olu Olu Tyr Lou Gin 
1 5 10 



( 2 ) INFORMATION FOR SEQ ID NO30: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino and* 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: finear 

( i i ) MOLECULE TYPE: proton 

( x I ) SEQUENCE DESCRIPTION: SEQ ID NO30: 

Oly Pro Atg Oly 
1 



( 2 ) INFORMATION FOR SEQ ID N031: 

( I ) SEQUENCB CHARACTERISTICS: 
( A ) LENGTH: 19 annuo adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
(D)TOPOLOOY:lmear 

( 1 1 )MOl£OJI£TYPBpretda 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- titc 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /notes Tto at ptmnon 1 has a 
D-Pbe group.** 

( x i ) SEQUENCB DESCRIPTION: SEQ ID NCh31: 

Pro Arg Pro Gly Oly Oly Oly Asn Oly Asp Pho Olu Olu lie Pro Olu 
1 5 10 IS 

Olu Tyr Leu 



( 2 ) INFORMATION FOR SEQ ID N031: 
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< 1 ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 amino add* 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
(D)TOPaLOOY:fincai 

( i i ) MOLECULE TYPE: jroton 

( x t ) SEQUENCE DESCRIPTION: SEQ ID N032: 

Arg Axg Arg Aig Arg Arg Arg Arg Ar g Gly Asp Va 
1 5 10 



( 2 ) INFORMATION FOR SEQ ID N033: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 amino arid* 
. ( B ) TYPE: ammo acid 
( C ) STRANDEDNESS: imglo 
( D )TOPQLOOY: fiaear 

( i i ) MOLECULE TYPE: protem 

<x 1 ) SEQUENCE DESCRIPTION: SEQ ID N033: 

Pro Leo Tyr Lyi Lyi lie lie Lyi Lyi Leo Leo Olo Set 
1 5 10 



( 2 ) INFORMATION FOR SEQ ID N034: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B JTYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: fiaear 

( i i ) MOLECULB TYPE: proton 

( z i ) SEQUENCE DESCRIPTION: SEQ ID NO*34: 

Arg Gly Asp Ser 



< 2 ) INFORMATION FOR SEQ ID N035: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 amino add* 
( B ) TYPE: amino add 
< C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( 1 1 ) MOLECULE TYPE: pntdn 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N035: 

Olo Lyi Pro Leo Gin A • n Phe Tbr Leo Ser Phe Arg 
1 5 10 



( 2 ) INFORMATION FOR SEQ ID ND36: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amino adds 
( B )TYPE: amino acid 
( C ) STRANDEDNBSS; single 
( D ) TOPOLOGY: fiaear 

(it ) MOLECULE TYPE: protean 

( x i ) SEQUENCE DESCRIPTION: SEQ TD NOS6: 

Tbr Lyi Pro Pro Arg 
1 5 



< 2 ) INFORMATION FOR SEQ ID NOJ7: 
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( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 ammo arils 
( B ) TYPE: annuo add 
( C ) STRANDEDNESS: tmglfi 
( D ) TOPOLOGY: fines 

< i i ) MOLECULE TYPE jrotcm 

( 1 x ) FEATURE: 

( A ) NAME/KEY: MotSfied-ttto 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /note* "Arg at position 6 has aa OH 

( z i ) SEQUENCE DESCRIPTION: SEQ ID N037: 

Oly Thr Lyi Pio Pro Arg 
1 5 



( 2 ) INFORMATION FOR SEQ ID NCn38: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 annuo adds 
( B ) TYPE: amino add 
( C ) STRANDEDNESS: tingle 
(D)TOPOLOOY: linear 

< i i ) MOLECULE TYPE; protean 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-site 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /notc^ "Gly at position t has an 
NJt^fixDctbyl group-"* 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified-site 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /note» -Cy» at pos itio n 3 has an 
Acm group. 

( i x ) FEATURE: 

( A ) NAME/KEY: Modified- silt 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /note= "Arg at position 9 is 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N038: 

Oly Thr Cyi Oly Thr Lyi Pro Pro Arg 
I 5 



We claim: 

1. A compound of the general formula: 




wherein 

X is a linear or branched, saturated or unsaturated 
alkyl chain that is optionally interrupted by one or two 
heteroatoms selected from N, O and S; and is optionally 
substituted by at least one group selected from halogen, 
hydroxyl, amino, carboxyl, C 1-4 alkyl, aryl and C(0)Z; 

Y is a substituted defined by X; 



X and Y may together form 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hydroxyl, 
amino, carboxy, oxo, alkyl, aryl and C(0)Z; 

R 1 through R 4 are selected independently from H; car- 
boxyl; alkyl; C t _4 alkyl substituted with a group 
selected from hydroxyl, amino, sulfhydryl, halogen, 
carboxyl, C 1-4 alkoxycarbonyl and aminocarbonyl; an 
alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0)Z; 

R 5 and R 6 are selected independently from H; carboxyl; 
amino; C 1-4 alkyl; alkyl substituted by hydroxyl, 
carboxyl or amino; and C(0)Z; 

R 7 is selected from H and sulfur protecting group; and 

Z is selected from hydroxyl and a targeting molecule, 

wherein the targeting molecule is a peptide. 
2. A compound according to claim 1, wherein the peptide 
comprises three or more amino acids. 
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3. A compound of the general formula: 



30 




10 



carboxyl, C w alkoxycarbonyl and anunocarbonyl; an 

alpha carbon side chain of a D- or L-amino acid other 

than proline; and C(O) Z; 
R 5 and R 6 are selected independently from H; carboxyl; 

amino; C l-4 alkyl; C 1-4 alkyl substituted by hydroxyl, 

carboxyl or amino; and C(0)Z; 
R 7 is selected from H and sulfur protecting group; and 
Z is selected from hydroxyl and a targeting molecule, 
in a form complexed with a metal radionuclide or an oxide 
or nitride thereof. 
6. A compound of the general formula: 



wherein 

X is a linear or branched, saturated or unsaturated 
alkyl chain that is optionally interrupted by one or two 
heteroatoms selected from N, O and S; and is optionally 
substituted by at least one group selected from halogen, 
hydroxyl, amino, carboxyl, alkyl, aryl and C(0)Z; 

Y is H or a substituent defined by X; 

X and Y may together form 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally, substituted 
by at least one group selected from halogen, hydroxyl, 
amino, carboxy, oxo, alkyl, aryl and C(0)Z; 

R 1 through R 4 are selected independently from H; car- 
boxyl; alkyl; alkyl substituted with a group 
selected from hydroxyl, amino, sulfhydryl, halogen, 
carboxyl, C A ^ alkoxycarbonyl and aminocarbonyl; an 
alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0) Z; 

R 5 and R 6 are selected independently from H; carboxyl; 
amino; C 1-4 alkyl; alkyl substituted by hydroxyl, 
carboxyl or amino; and C(0)Z; 

R 7 is selected from H and sulfur protecting group; and 

Z is selected from hydroxyl and a targeting molecule, 
in a form complexed with a metal radionuclide or an oxide 
or nitride thereof. 

4. A compound according to claim 3, in a form complexed 
with "Tc or oxide thereof. 

5. A compound of the general formula: 



R* .R 1 



R' J 1 



IS 
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wherein 

X is a linear or branched, saturated or unsaturated C 1-4 
alkyl chain that is optionally interrupted by one or two 
heteroatoms selected fromN, O andS; and is optionally 
substituted by at least one group selected from halogen, 
hydroxyl, amino, carboxyl, alkyl, aryl and C(0)Z; 

Y is a substituent defined by X; 

X and Y may together form 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hydroxyl, 
amino, carboxy, oxo, C l-4 alkyl, aryl and C(0)Z; 

R 1 through R 4 are selected independently from H; car- 
boxyl; C 1-4 alkyl; alkyl substituted with a group 
selected from hydroxyl, amino, sulfhydryl, halogen, 



55 



60 



65 



wherein 

X is a linear or branched, saturated or unsaturated 
alkyl chain that is optionally interrupted by one or two 
heteroatoms selected fromN, O andS; and is optionally 
substituted by at least one group selected from halogen, 
hydroxyl, amino, carboxyl, C 1-4 alkyl, aryl and C(0)Z; 

Y is H oar a substituent defined by X; 

X and Y may together form 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hydroxyl, 
amino, carboxy, oxo, alkyl, aryl and C(0)Z; 

R l through R 4 are selected independently from H; car- 
boxyl; alkyl; alkyl substituted with a group 
selected from hydroxyl, amino, sulfhydryl, halogen, 
carboxyl, alkoxycarbonyl and aminocarbonyl; an 
alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0)Z; 

R 5 and R 6 are selected independently from H; carboxyl; 
amino; alkyl; alkyl substituted by hydroxyl, 
carboxyl or amino; and C(0)Z; 

R 7 is selected from H and sulfur protecting group; and 

Z is a targeting molecule, wherein die targeting molecule 
is a peptide, 

in a form complexed with a metal radionuclide or an oxide 
or nitride thereof. 

7. A compound according to claim 6, in a form complexed 
with "Tc or oxide thereof. 

8. A compound according to claim 6, wherein the target- 
ing molecule is a peptide comprising three or more amino 
add residues. 

9. A compound according to claim 8, in a form complexed 
with "™Tc or oxide thereof. 

10. A compound according to claim 6, wherein the 
targeting molecule is a peptide comprising the sequence 
TKPPR [SEQ ID N036]. 

1L A compound according to claim 10, in a form com- 
plexed with ^"Tc or oxide thereof. 

12. A compound N^-dimethylGly- , nu:-Cys(Acm)-Gly- 
Thr-Lys-Pro-Pro-Arg-OH [SEQ ID N038], 

in a form complexed with a metal radionuclide or an oxide 
or nitride thereof. 

13. A compound according to claim 12, in a form com- 
plexed with ^"Tc or oxide thereof. 
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14. A compound of the general formula: 




wherein 

X is a linear or branched, saturated or unsaturated C lm + 
alkyl chain that is optionally interrupted by one or two 
heteroatoms selected from N, O and S; and is optionally 
substituted by at least one group selected from halogen, 
hydroxyl, amino, carboxyl alkyl, aryl and C(0)Z; 

Y is a substituent defined by X; 

X and Y may together form 5- to 8-mcmbered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hydroxyl, 
amino, carbon, oxo, alkyl, aryl and C(0)Z; 
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R 1 through R 4 are selected independently from H; car- 
boxyl; alkyl; alkyl substituted with a group 
selected from hydroxyl amino, sulfhydryl, halogen, 
carboxyl, C 1-4 alkoxycarbonyl and aminocarbonyl; an 
5 alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0)Z; 
R 3 and R 6 are selected independently from H; carboxyl; 
amino; alkyl; alkyl substituted by hydroxy!, , 
carboxyl or amino; and C(0)Z; 
10 R 7 is selected from H and sulfur protecting group; and 
Z is a targeting molecule, wherein the targeting molecule 
is a peptide, 

in a form complexed with a metal radionuclide or an oxide 
or nitride thereof. 
IS 15. A compound according to claim 14, wherein the 
peptide comprises three or more amino acid residues. 

16. A compound N^-^uinerhylGly-Ser-Cys (Acre)-Gly- 
Thr-Lys-Pro-Pro-Arg-OH [SEQ ID NO: 1]. 

17. The compound according to claim 16, in a form 
20 complexed with a metal radionuclide or an oxide or nitride 

thereof. 

18. The compound according to claim 17, wherein said 
metal radionuclide is ""Tc. 
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ABSTRACT 



For use in imaging sites of diagnostic interest within the 
body, the present invention provides radionuclide chelators, 
optionally coupled to targeting molecules such as peptides 
of the formula: 




22 Claims, 1 Drawing Sheet 
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PEPTIDE DERIVED RADIONUCLIDE 
CHELATORS 

This is a division, of application Scr. No. 08/279.155 
filed Jul. 22. 1994 now U.S. Pat. No. 5.662.885. 

FIELD OF THE INVENTION 

This invention is in the field of diagnostic imaging, and 
relates to chemical chelators useful in the radiolabeling of 
agents that target tissues of diagnostic interest. 

BACKGROUND TO THE INVENTION 

The ait of diagnostic imaging exploits contrasting agents 
that in binding or localizing site selectively within the body, 
help to resolve the image of diagnostic Interest 67 Galium 
salts, for example, have an affinity for tumours and Infected 
tissue and. with the aid of scanning tomography, can reveal 
afflicted body regions to the physician. Other contrasting 
agents Include the metal radionuclides such as ""Techne- 
tium and 186/188 rheniura, and these have been used to label 
targeting molecules, such as proteins, peptides and antibod- 
ies that localize at desired regions of the human body. 

As targeting agents, proteins and other macromolecules 
can offer the tissue specificity required for diagnostic accu- 25 
racy; yet labeling of these agents with metal radionuclides is 
made difficult by their physical structure. Particularly, pro- 
tein and peptide targeting agents present numerous sites at 
which radionuclide binding can occur, resulting in a product 
mat is labeled heterogeneously. Also, and despite their 
possibly large size, proteins rarely present the structural 
configuration most appropriate for high affinity radionuclide 
binding. Le. a region Incorporating four or more donor 
atoms mat form five-membexed rings. As a result, radionu- 
clides are bound typically at the more abundant low-affinity 
sites, forming unstable complexes. 

To deal with the problem of low affinity binding. Paik et 
al (Nucl Med Biol 1985. 12:3) proposed a method whereby 
labeling of antibodies is performed In the presence of excess 
DPTA (diainmetrimemylenepentaacetic acid), to mask the 
low affinity binding sites. While the problem of low affinity 
binding is alleviated by this method, actual binding of the 
radionuclide, in mis case technetium, was consequently also 
very low. The direct labeling of proteins having a high 
proportion of cysteine residues also has been demonstrated 
(Dean et al; WO 92/13.572). This approach exploits thiol 
groups of cysteine residues as high-affinity sites for radio- 
nuclide binding, and is necessarily limited in application to 
those targeting agents having the required thiol structure. 

A promising alternative to the direct labeling of targeting 
agents is an indirect approach, in which targeting agent and 
radionuclide are coupled using a chelating agent Candidates 
for use as chelators are those compounds that bind tightly to 
the chosen metal radionuclide and also have a reactive 
functional group for conjugation with the targeting mol- 
ecule. For use in labeling peptide and protein-based target- 
ing agents, the chelator is ideally also peptide-based, so that 
the cholator-targeting molecule conjugate can be synthe- 
sized in toto using peptide synthesis techniques. For utility 
in diagnostic Imaging, the chelator desirably has character- 
istics appropriate for its in vivo use. such as blood and renal 
clearance and extravascular diffusibiliry. 



targeting agents capable of localizing at body sites of 
diagnostic and therapeutic interest. The chelators of the 
present Invention arc peptide analogs designed structurally 
to present an N 3 S configuration capable of binding oxo, 
dioxo and nitrido ions of ^technetium and 188/188 rhenium. 

More particularly, and according to one aspect of the 
invention, there are provided metal radionuclide chelators of 
the formula: 
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SUMMARY OF THE INVENTION 

The present invention provides chelators that hind diag- 
nostically useful metal radionuclides, and can be coupled to 
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wherein 

X is a linear or branched, saturated or unsaturated 
C 1-4 alkyl chain that is optionally interrupted by one or 
two heteroatoms selected from N. O and S; and is 
optionally substituted by at least one group selected 
from halogen, hydroxyl. amino, carboxyl. C^alkyl. 
aryl and C(0)Z; 
Y is H or a substituent defined by X; 
X and Y may together form a 5- to 8-membered saturated 
or unsaturated heterocyclic ring optionally substituted 
by at least one group selected from halogen, hydroxyl. 
amino, carboxyl, oxo. C A ^alkyl. aryl and C(0)Z; 
R A through R 4 are selected independently from H; car- 
boxyl; Cj^alkyl; C^alkyl substituted with a group 
selected from hydroxyl. amino, sulfhydryl. halogen, 
carboxyl C^alicoxycarbonyl and aminocarbonyl; an 
alpha carbon side chain of a D- or L-amino acid other 
than proline; and C(0)Z; 
R 5 and R 6 are selected independently from H; carboxyl; 
amino; C^alkyl; C^alkyl substituted by hydroxyl, 
carboxyl or amino; and C(0)Z; 
R 7 is selected from H and a sulfur protecting group; and 
Z is selected from hydroxyl and a targeting molecule. 
According to another aspect of the invention, the chela- 
tors of the above formula are provided in a form having the 
metal radionuclide complexed therewith. 

In another aspect of the invention, there is provided a 
conjugate in which the chelator is provided in a form 
coupled to a diagnostically useful targeting molecule, and 
optionally in combination with a complexed metal 
radionuclide, for imaging use. 

In another aspect of the invention, there is provided a 
method of Imaging sites of diagnostic Interest in which a 
conjugate of the invention is first administered as a radio- 
nuclide complex to a patient; and then the location of the 
radionuclide is detected using imaging means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an HPLC analysis of conjugate N.N- 
dimethylGly-Ser-Cys(Acm)-Gly-Thr-Lys-Pro-Pro-Arg-OH 
|SEQ ED NO:9:| labeled with ""Tc. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides metal radionuclide chelators that 
when coupled to a targeting molecule are useful for deliv- 
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cring a radionuclide to a body site of therapeutic or diag- 
nostic interest. As illustrated in the above formula, the 
chelators are peptidic compounds that present an N ? S con- 
figuration in which the radionuclide is complexed. 

Terms defining the variables R J -R\ X. Y and Z as used * 
hereinabove have the following meanings: 
"alkyl" refers to a straight or branched chain; 
"aryP refers to aromatic and heteroaromatic rings; 
"halogen" refers to F. CI and Br; 10 
"sulfur protecting group** refers to a chemical group that 
inhibits oxidation of a thiol group, which includes those 
that are cleaved upon chelation of the metal. Suitable 
sulfur protecting groups include known alkyl. aryL 
acyl. alkanoyl. aryloyl. mercaptoacyl and organothio 15 
groups. 

In preferred embodiments of the invention, the chelators 
conform to the above formula in which: 

R 1 through R 4 are selected independently from H; and a 
hydroxy-substituted C^alkyl group such as 20 
hydroxymethyl and 1-hydroxyethyl; 

R 5 and R 6 are selected independently from H and 
C^alkyl. and are preferably both H; 

R 7 is a hydrogen atom or a sulfur protecting group and is 
most preferably acetamidomethyl; 

X is a C^alkyl chain, preferably methyl or ethyl; or is a 
C^alkyl chain substituted with an aryl group, prefer- 
ably benzyl; 

Y is H or a substituent defined by X; and is preferably ^ 

methyl or ethyl and most preferably the same as X; 
Z is OH or a targeting molecule, and is preferably a 

peptide targeting molecule. 
Specific chelators of the invention include: 
NJ^-dimethylGly-Ser-Cys(Acm)-Z; and 35 
NJ4-diinemylGly-Thr-C*ys(Acm)-ZrOH. 
In the case where the substituents represented by X and Y 
together with the adjacent nitrogen atom form a hetero ring* 
such a ring may be a 5-to 8-membered, saturated ring, for 
example pyrrolidine, piperidine. 1-azacycloheptane and 40 
1-azacyciooctane. Unsaturated rings formed by X and Y 
Include pyrrole and 4H-pyridine while it is understood that 
the coordinating nitrogen of the ring is necessarily trivalent 
and cannot form a double bond to an adjacent atom. The 
heterocycle formed by X and Y may also incorporate one or 45 
two additional heteroatoms selected from N, O and S. Rings 
having additional heteroatoms include but are not limited to 
1 -imidazole, pyrazole. piperazine. morpholine and thiomor- 
pholine. The ring formed by X and Y may also be substituted 
with one or more and preferably less than three groups 50 
selected from halogen, hydroxyl. carboxyl. oxo. C,^alkyl 
and aryl, for example to form 4-oxo-l-piperidine. 4-oxo-l- 
pyrrolidine and 4-hydroxy-l-piperidine. 

For diagnostic imaging purposes, the chelator pro se may 
be used in a form complexed wim a metal radionuclide. 55 
Suitable radionuclides include technetium and rhenium in 
their various forms such as ReO 3 *. Re0 2 + , "^Tc0 2 * and 
most preferably ""TcO**. Desirably and according to a 
preferred aspect of the invention, the chelator is coupled to 
a targeting molecule represented by Zin the above formula. 60 
to form a conjugate that serves to deliver a chelated radio- 
nuclide to a desired location in a mammal. Examples of 
targeting molecules suitable for coupling to the chelator 
include, but are not limited to. steroids, proteins, peptides, 
antibodies, nucleotides and saccharides. Preferred targeting 65 
molecules include proteins and peptides, particularly those 
capable of binding with specificity to cell surface receptors 



characteristic of a particular pathology. For instance, disease 
states associated with over-expression of particular protein 
receptors can be imaged by labeling that protein or a 
receptor binding fragment thereof coupled to a chelator of 
invention. Most preferably targeting molecules are peptides 
capable of specifically binding to target sites and have three 
or more amino acid residues. Targeting peptides useful to 
image certain medical conditions and tissues are noted 
below: 

for atherosclerotic plaque: 

YRALVDTLK. |SEQ ID NO:2| RALVDTLK ISEQ ID 
NO:3| 

RALVDTLKFVTQAEGAK |SEQ ID NO:4| YAKFRE- 

TLEDTRDRMY |SEQ ID NO:5| 
AKFRETLETTRDRMY ISEQ ID NO:6| AALDLNA- 

VANK3ADFEL |SEQ ID NO:7| 
YAALDLNAVANKIADFEL |SEQ ID NO:8| 

YRALVDTLKFVTEQAKGA ISEQ ID NO:9| 
RALVDTLKFVTEQAKGA |SEQ ID NO:10| 

YRALVDTEFKVKQEAGAK |SEQ ID NO:ll| 
RALVDTEFKVKQEAGAK ISEQ ID NO:12| 
YRALVDTLKFVTQAEGAK |SEQ ID NO:13| 
for infections and atherosclerotic plaque: 

VGVAPGVGVAPGVGVAPG ISEQ ID NO:14| 

formyl.Nleu.LF.Nleu.YK |SEQ ID NO:15| 
VPGVGVPGVGVPGVGVPGVG ISEQ ID NO:16| 

formylMIFL |SEQ ID NO:17| 
formylMLFK |SEQ ID NO:18| formyl MLFI |SEQ ID 
NO: 19| 

formylMFIL [SEQ ID N0:20] formylMFLI ISEQ ID 
NO:21J 

formylMLIF |SEQ ID NO:22| formylMILF ISEQ ID 
NO:23| 

formyiTKPR ISEQ ID NO:24| VGVAPG [SEQ ID 
NO:25| 

formylMLF YIGSR ISEQ ID NO:26] 
CH 2 CO.YIGSRC ISEQ ID NO:27| 
for thrombus: 

NDGDFEEIPEYLCQ ISEQ ID NO:2*J 
NDGDFEEIFEEY(S03Na)LQ |SEQ ID NO:29] 

GPRG I SEQ ID NO*30] 
for platelets: 

D-Phe PRPGGGGNGDFEEIPEEYL ISEQ ID NOSH 

RRRRRRRRRGDV |SEQ ID NO:32] 
FLYKKHKKLLES ISEQ ID NO:33] RGD 
RGDS ISEQ ID NO:34J 
for amyloid plaque (Alzheimer's disease): 
EKPLQNFTLSFR ISEQ ID NO:35| 
For connection to the chelator, a targeting molecule may 
comprise a "spacer** that serves to create a physical separa- 
tion between the chelator and the targeting molecule. A 
spacer may be an alkyl chain that is derivatized for coupling 
to the chelator. In the case where the targeting molecule is 
a peptide, the spacer may suitably be one or more amino acid 
residues. Preferably, peptidic targeting molecules incorpo- 
rate spacers of from 1 to 5 amino acids such having 
chemically inert ct-carbon side chains, such as glycine or 
^-alanine residues. 

A targeting molecule may be coupled to a chelator of the 
invention at various sites including R 1 to R 8 . X. Y and Z as 
well as a ring formed by X and Y. Coupling may be achieved 
by reacting a group present on the targeting molecule that is 
reactive with a substituent on the chelator to form a linkage. 
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For example, peptide targeting molecules having a ftee acids and are commercially available and compatible with 

amino group, such as an N-terminus or an e-amino-lysine solid phase synthesis techniques. Derivatized amino acid 

substituent on the chelator In a ^f^ d ^^ ; D yn3 ^B&** Snarly wr/n subsets 

targeung molecules are coupled to chelators of formula (I) J 5 R £ m ^ than H a derivatized cysteine amino 

at substituent Z by an amide linkage such as a peptide bond. ^ residue js utilizcd ^ the synlhesis . For example. 

For example, the N-terminus amino group of a peptide ^ wmmcrc iaiiy available residue penecillamine is incor- 

targeting molecule is reacted with a carboxyl group at Z |Q _ oratcd whcn R * ^ d r 6 are both methyl. 

Targeting molecules other than peptides may be coupled to Various substituents at X and Y may be introduced in 

chelators of the invention in a similar manner provided that chelators of the invention by incorporating as the final 

a group suitable for coupling to the chelator is present. In the residue of solid phase synthesis a derivatized amino acid 

instance that a suitable group is not present, the targeting according to the formula (X)(Y)N— C(R* )(R 2 )— C(0) — 

molecule may be chemically derivatized to present such a OH wherein X. Y, R 1 and R" have the meaning previously 

group. When more than one reactive group is present on the 15 described. Amino acids having N-tcrrninal amino substitu- 

cheiator or targeting molecule, it is desirable to block all but ents according to X and Y may be synthesized according to 

the particular group for coupling with an appropriate block- established organic chemistry procedures and techniques, 

ing agent in order to achieve a swgle conjugate species. For For example, when X and Y are both dfoenzyl substituents 

mg agcuiin d , cvc L L fArlM ; n( , the corresponding dibenzylglycine residue may be synthe- 

example. free carboxyl f^P s ™^P rot ^ b y f ^2 M ^tTby ^acting corrJercially available reagents bro- 

esters such as a t-butyl ester which can be removed with 20 ^ ^ xbenzylurdnl in a suitablelolvent such 

TFA. Free amino groups may be protected with a blocking as dichloromethane and then heating. Other amines may be 

group such as FMOC which may be subsequently removed employed in the reaction in place of diberizylarriine such as 

with piperidine. dilsopropylambe to give the corresponding diisopropylgly- 

In a particular embodiment of the Invention, imaging in cine. Similarly cyclic amines such as piperidine and mor- 

vivo sites of focal inflammation is accomplished using a 25 pholine in place of dibenzylamine will give the correspond- 

conjugate In which the targeting molecule is a chemotactic ing piperidylglycine and morpholinylglycine residues, 

peptide comprising the amino acid sequence Thr-Lys-Pro- In a most preferred embodiment of the invention a 

Pro-Lrys (TKPPR). It has been found that this peptide binds peptide-chelator conjugate is prepared on a solid support and 

particularly well to leukocytes receptors. Targeting peptides has the structure of formula (I) wherein the targeting mol- 

can be spaced from the chelator by additional amino acid 30 ecule is a peptide having a sequence Gly-Thr-Lys-Pro-Rro- 

residues, preferably glycine, provided the peptide retains its Arg-OH|SEQ ID N037 |R l . R . R\ R and R are H; R is 

localizing activity. In a particular embodiment the peptide hydroxymethyl or 1-hydroxyethyl and R is acetamidom- 

TKPPR is coupled to substituent Z of chelators according to ethyl. 

formula (I) by a Gly residue. Incorporation of the selected radionuclide within the 

Peptide-based targeting molecules can be made, either per 35 chelator can be achieved by various established methods, 

se or as a conjugate with a chelator, using various estab- For example the following general procedure may be used, 

lished techniques. Because it is amenable to solid phase A chelator solution is formed initially by dissolving the 

synthesis, employing alternating FMOC protection and chelator in aqueous alcohol eg. ethanol-water 1:1. Oxygen is 

deprotection is the preferred method of making short pep- removed for example by degassing with N 2 . then sodium 

tides. Recombinant DNA technology is preferred for pro- hydroxide is added to remove the thiol protecting group. The 

ducing proteins and long fragments thereof. In a particular 40 solution is again purged of oxygen and heated on a water 

embodiment, peptide-chelator conjugates are prepared by bath to hydrolyze the thiol protecting group, and the solution 

solid-phase peptide synthesis methods, which involve the is then neutralized with an organic acid such as acetic acid 

stepwise addition of amino add residues to a growing (pH 6.0-6.5). In the labeling step, sodium pertechnetate is 

peptide chain that is linked to an insoluble (solid) support or added to a chelator solution with an amount of stannous 

matrix, such as polystyrene. The C-terminal residue of the 45 chloride sufficient to reduce the technetium The solution is 

targeting peptide is first anchored to a commercially avail- mixed and left to react at room temperature and then heated 

able support with its amino group protected with an on a water bath. In an alternative method, labeling can be 

N-protecting agent such as a fluorenylmethoxycarbonyl accomplished with the chelator solution adjusted to pH 8. At 

(FMOC) group. Typically, the support is obtained with the this higher pH. pertechnetate may be replaced with a solu- 

C-terminal residue preloaded in protected form. The amino 50 tion containing technetium coraplexed with labile ligands 

protecting group is removed with suitable deprotecting suitable for ligand exchange reactions with the desired 

agents such as piperidine and the next amino acid residue (in chelator. Suitable ligands include tartarate. citrate and 

N-protected form) is added with a coupling agent such as heptagluconate. Stannous chloride may be replaced with 

cUcyclocarbodiirnide (DCC). Upon formation of a peptide sodium dithionite as the reducing agent if the chelating 

bond, the reagents are washed from the support. Once the 55 solution is alternatively adjusted to a still higher pH of 

targeting peptide chain is synthesized, the first residue of the 12-13 for the labeling step. The chelators of the present 

chelator ie. S^cetamidomethyl protected cysteine is added invention can be coupled to a targeting molecule prior to 

to the N-terminus. The final residue of the chelator is a labeling with the radionuclide, a process referred to as the 

derivatized amino acid residue that conforms to the formula "bifunctional chelate** method. An alternative approach is 

(X)(Y)N— C(R A XR 2 )--CO— wherein X. Y. R l and R 2 have the "prelabeled ligand" method in which the chelator is first 

the meaning previously defined. The final residue, for 60 labeled with a radionuclide and is then coupled to the 

example dimethyl-glycine or sar cosine, may be coramer- targeting molecule. 

dally obtained or may be synthesized. The completed con- The labeled chelator ma y be separated from contaminants 

jugate is cleaved from the support with a suitable reagent "TcOr and colloidal 9S *Tc0 2 chromatographically. e.g.. 

such as trifluoroacetic acid (TFA). with a C- 18 Sep Pak column activated with ethanol followed 

It will be appreciated that all substituents R 1 through R 4 65 by dilute HC1. Eluting with dilute HCi separates the 

according to the invention are side chains of naturally ^TcO^. and eluting with EtOH-saline 1:1 brings off the 

occurring or derivatized amino acids Including D- amino chelator while colloidal Wr7 Tc0 2 remains on the column. 
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When courted to a targeting molecule and labeled with a Fractions were reanalysed on the HPLC and pooled accord- 
<£tf^^ of the present ioven- ing to matching 

tion can be used to detect pathological conditions by tech- acetone-dry «ce and lyophiuzed 12 hours to give a white 
niques common in the art of diagnostic imaging. A chelator- powder. 

targeting molecule conjugate labeled with a radionuclide 5 . 
metal such as technetium may be adrninistered to a mammal bXAMrLC z 

intraiymphaticaliy. intraperitoneally and preferably intrave- 
nously in a pharmaceutically acceptable solution such as Labeling of Peptide-Chelator Conjugates 
saline or blood plasma medium. The amount of labeled 6 

conjugate administered is dependent upon the toxicity pro- 1Q N j^.^etnyiGiy-Ser-CyslAcm^Gly-Thr-Lys-ProPro- 
file of the chosen targeting molecule as well as the profile of ' Q N0: i| and 

Z TOe^^TuchTunagrniay be obtained wUi » 1 mg/mL saline) and then injected into 3 mL vacutainers 
toJWSTi p»nle rf the* targeting molecule, for with 100 uL pcrtechnctatc (10 mC.) and 100 uL s^nous 
aS^c ^ost peptides will localize rapidl fallowing for an gluconate (50 |ig stannous chloride and 1 mg sodium 
^ to oTobtS wito 3 hours and often within 1 hour. gluconate) .Thctubcs were P^^^w^n^ 
In a canicular embodiment, chelators of the invention 12 minutes and then filtered through a Whatman PVDF 
coupSa^UdTtSig molecule GTKPPR in a saline 20 syringe filter to coUect Relabeled conjugate so "tionsw^h 

embodiments of the present invention, determine me laoeiing yiau v, =• A Q .l 

cuiuuuu v conjugate gave a single peak and greater than 94% 

PX AMPLE 1 labeling yield. 24 hours after labeling. NJI-dimethylGry- 

EXAM ™^ Ser<:ys(Lm)-Gly-TTir-Lys-Pro-Prb-Arg|SEQ ID NO:ll 

was reanalyzed on HPLC. No degradation or radiolysis 
Preparation of Peptide-Chelator Conjugates products were observed. 

NJJ-dimemylGly-Ser-Cys(Acm)^ly-Thr-Lys-Pro-Pro. x EXAMPLE 3 

ArglSEQID NO:l] and to vivo Imagtog and Biwlistribution of Conjugates 

N ^^ffi;? S(AOT ^ ly -^" Ly$ " ft ^ Z inflation studies were performed as follows. 2 

Arg ISEQ ID NO:38] wistar rats (Charles River. 200-250 g) were injected 

The title conjugates were prepared as a single peptide ^L^^^ ^ (25 mg) zymosan, a yeast cell wall 
chain by solid phase peptide synthesis ^ ™^ chem- 35 ^ffffi A* left hZlegV24 hours before imaging, 

istry on an FMOC-arginine preloaded 2-meftoxy-4- ^ mamsoatioD in me leg was visually detectable after 

alkoxybenzyl alcohol resin (Sasnn Resin. Ba*em B.o- lms(ca . 0 .7 uMol) of the chelator-peptide conjugate 

sciences In.. Philadelphia) With an Appbed ^y^ms m 50 pL of dimethylsulf oxide and added to an 

433A peptide synthesizer (Foster City. Calif.). Dualized w £^£™ ^^(1:1. 200 pL). An aliquot ofTc-99 m 

amino acid residues S-acetarmdomeihyl-cysteine (Bachem) w «™» * ^ t^^e^on 

and N^-dimethyiglycine (Sigma Chemical Company. St JgJJ min. at 100° C. The Tc-99 m 

Louis. Mo.) were incorporated at the appropriate step of was p^ed by elution through a Sep Pak 

chain elongation. VTM .. A , cartridge and then diluted with saline to prepare an inject- 

Upon addition of the final residue N^-dimetoylGly. Ae f^^^ (20 0 uL) containing about 100 uCi (3.7 

peptide-resin was dried under vacuum overnight and cleav- ^.rT^ivitv ^ 

age of the r^de from the resin was achievedby mfcing a M ^ e ™£ e ^fc^d with SO mnitol (40 to 50 

c<»tedscJutionof9^iritnfluoroaceticaadCrFA).0.5mL ™ .labeled coniusate solution (200 uL) was 

per 100 mg of peptide-resin) witothe pepdde-resm 1.5 ^ at 30 The rats were then 

to 2 hours at '^Z^TS^^^mI » S^^sTesia overdose and samples of organs. 

The precipitate was ccntafuged at 7000 rpm, 0 C. for 5 in ^ B ^T. ^ t ^ on Ac assumption that 

«St L ^5i white powder was dissolved in Both conjugates gave excellent scin^p^c usages in 

watered through a 0.45 juTsyringe filter (Gelman „ comparison to i^*^ 

Acrodisc 3 CR PTFE). and purified by reversed-phase such as Ga-67. Tc-lgG. In-WBC ana lc-wanocou 

^(BeckmTn SyTtTm Gold)^nY a C18 column (W^ which is indicated by the Wgh target tooa^nd rauos 

RCM 25x10) using 1% TEA in water as buffer A and 1% (innamed:uiiinflamed muscle) observed. The <™jugates 

TCTinacetonitrUeas buffer B. The column was equilibrated imaged much more iapi«Uy than ^ J™» J*^*-* 

with 100 0 buffer A-.buffer B and eluted with a linear exhibited superior biodistnbution. Also, non-target organs 

gradient to 25 rmnutes at 1 mUmin to 50% buffer B. such as liver and GI tract showed low accumulation. 



5.780.006 



10 









Urine 


Liver 


GI Tract 


Imaging Agent 


Inflam:Uninfl 


FluidrBlood 


{% dose) 


dose) 


<9p dose) 


NJ)-dinKthyK3Iy— Ser— 


5.3 
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0.7 


ll, ln— WBC 
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0.2 


36.9 
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—lb—. Nanocoll 


3.3 


0.2 


0.8 


66.7 


2.1 



SEQUENCE LISTING 



( 1 ) GENERAL INFORMATION: 

( i i i ) NUMBER OF SEQUENCES: 3ft 



( 2 ) INFORMATION FOR SBQ ID NO:l: 

( i ) SEQUENCE CHARACTERISTICS: 
{ A ) LENGTH: 9 annuo acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( i x ) FEATURE; 

( A ) NAME/KEY: Modified-*!** 
( B > LOCATION: 1 

( D ) OTHER INFORMATION: /aote= -*Oly at poaiibn I has 
aa N,N- (fiooediyl gnxp." 

( i x ) FEATURE; 

( A ) NAME/KEY: Mo<£fied-rte 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /note- "Cyt at posirkn 3 has 
as Acxo group.** 

( i x ) FEATURE: 

( A ) NAME/KEY: Motfified-iite 
( B ) LOCATION: 9 

< D ) OTHER INFORMATION: /oote= "Arg at poulion 9 is 
uasubstinded or hat an OH group." 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NO". I: 

Oly Ser Cyi Oly Tbr Lyi Pro Pro Arg 
1 5 



( 2 ) INFORMATION FOR SBQ ID N02: 

( i ) SEQUENCE CHARACTERISTICS: 
( A | LENGTH: 9 amino nods 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
{ D ) TOPOLOOY: linear 

< i i ) MOLECULE TYPE; proton 

( x i ) SEQUENCE DESCRIPTION: SBQ ID N03: 

Tyt Arg Ala Leo Val Aip Tbr Leo Lyi 

I 5 



{ 2 ) INFORMATION FOR SEQ ID NO-.3: 



( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 8 amino acidi 
i B ) TYPE: amino acid 



11 
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•continued 



( C I STRANDEDNESS: i'm£e 
< D t TOPOLOGY: line* 



i i j > MOLECULE TYPE: protein 
i * i i SEQUENCE DESCRIPTION: SEQ ID NOJ: 
Are Ala Leu Val Asp Tbr Leo Lyi 

I 2 ) INFORMATION FOR SEQ ID NO:4: 

I i ) SEQUENCE CHARACTERISTICS: 
r A ) LENGTH: 17 amino acid* 
< B )TYPE: amino ac id 
I C ) STRANDEDNESS: single 
( D ) TOPOLOGY: tiacar 

< i i ) MOLECULE TYPE: protein 

I x i ) SEQUENCE DESCRIPTION: SEQ ID NO:4: 

AtB Al. Leo V.l A.p Th» Leu Ly. Ph e V.I Thr Old Ala Glo 

1 $ 10 

G 1 7 Ala L y i 
I 5 

( 2 ) INFORMATION FOR SEQ ID NCO: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 16 amino acid* 
( B ) TYPE: •anno acid 
( C > STRANDEDNESS: fmgk 
( D ) TOPOLOGY: line* 

( i i ) MOLECULE TYPE: protein 

< * i ) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

Tyr Ala Ly. Pbc A.g Glo Thf. Leu Ol o A.p Tbr Arj A.p Arj 
1 * '10 

Met T y f 
1 5 

( 2 ) INFORMATION FOR SEQ ID NO* 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 15 amiaoackb 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: angle 
( D ) TOPOLOGY: Eacac 

( i i ) MOLECULE TYPE: proteia 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOA 

Ala Lyi Pbe Arg Glo Thr Leo Glo Aip Thr Arg A.p Aig Met 

I 5 10 

Tyr 
1 S 

< 2 ) INFORMATION FOR SBQ ID N0^7: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
< D ) TOPOLOGY: linear 

< i i ) MOLECULE TYPE: protein 



(ii) SEQUENCE DESCRIPTION: SBQ ID NO:7: 
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Ala Ala Leo Atp Lev A*o Ala Val Ala An Lyi Me Ala Asp 

I 5 1 0 



Phe Olu Leu 
1 5 

i 2 ) INFORMATION FOR SEQ ID NOS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 amino adds 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: unfile 
( D ) TOPOUXiY: linear 

( i i ) MOLECULE TYPE; freteia 

( a i > SEQUENCE DESCRIPTION: SEQ ID NO:8: 

Tyr Ala Ala Leu A*p Leo Asa Ala Val Ala An Ly* lie Ala 
1 5 10 

Asp Phe Olu Leo 
1 5 

( 3 ) INFORMATION FOR SEQ ID NOtfc 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: IB amino acids 
( B ) TYPE: annuo acid 
( C > STRANDEDNESS: tingle 
{ D ) TOPOLOGY: linear 

( t i ) MOLECULE TYPE: protein 

f x i ) SEQUENCE DESCRIPTION: SEQ ID NO* 

Tyr Arg Ala Leu Val A#p Tor Leu Lyi Phe Val Tbi OIb Ola 
1 5 10 

Ala Lyt Oly Ala 

1 5 

( 2 ) INFORMATION FOR SEQ ID NO10: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: bnear 

( i i ) MOLECULE TYPE: proton 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

Ar 8 Ala Leo Val Asp Thf Leu Lyi Pb c Val Tbr Olu Gin Ala 
E 5 10 

Lyt Oly Ala 
1 S 

( 2 ) INFORMATION FOR SEQ (DNO:ll: 

( t ) SEQUENCE CHARACTERISTICS: 

< A > LENGTH: IB amino acids 
( B > TYPE: amino acid 

< C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l1: 

Tyt Aig Ala Leu Val Asp Thf Olu Pbe Lys Val Lys Ola Olu 
1 5 10 



a Gly Ala Lys 
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1 5 



( 2 | INFORMATION FOR SEQ ID NO:l2: 

l i | SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 17 annuo acids 
4 B > TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: linear 

I i i ) MOLECULE TYPE: proeein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Arg AH Leu VI A.p The OU Pbe Ly. Val Ly. Oln Olu Ala 

5 * 0 



01 r Ala L y i 

1 5 



( 2 ) INFORMATION FOR SEQ ID NO: 13: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: IS amino adds 

< B ) TYPE: amino arid 

( C > STRANDEDNESS: angle 

< D ) TOPOLOGY: linear 

< i i ) MOLECULE TYPE: protein 

< x t ) SEQUENCE DESCRIPTION: SEQ ED NO: 13: 

Tyr A, g Ala Lea Val Aip Tbr Leu Ly. Pbe Val Thr Oln Ala 

Ola Oly Ala Lye 
I 5 



< 2 > INFORMATION FOR SEQ ID NO: 14: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 18 aonno adds 
{ B ) TYPE: amao acid 
{ C ) STRANDEDNESS: single 
( D ) TOPOLOGY: tinear 

( i i ) MOLECULE TYPE: prottia 

< x i ) SEQUENCE DESCRIPTION: SEQ ED NO:14: 

Val Gly Val Ala Pro Oly Val Oly Val Ala Pio Oly Val Oly 

1 \ l ° 

ValAlaPioOly 

1 3 



< 2 ) INFORMATION FOR SEQ ID NO: 15: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino aadi 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: nagle 
( D ) TOPOLOGY: linear 

< i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A > NAME/KEY: Modified.*** 
( B > LOCATION: 1 

( D > OTHER INFORMATION: tootc "Leo at positioo I is 
i^myLNorLeu.*' 

( i x ) FEATURE: 

( A ) NAME/KEY: Modifled-rite 
( B ) LOCATION: 4 

( D ) OTHER INFORMATION: /oott- "Leu ■ pcMttion 4 U 
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NorLeu." 

nil SEQUENCE DESCRIPTION. SEQ ID NO:15: 

Leu Leo Pbe Leu Ty i Ly i 
1 5 



< 2 UNFORMATTON FOR SEQIDNO:t6: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 20 mnao acids 
( B ) TYPE: Mmno icid 

< C > STRANDEDNESS: tingle 

< O > TOPOLOGY: line* 

( i i \ MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:l6: 

Val Pro Gly Vtl Oly Val Pro Oly Val Gly Val Pro Oly Val 
1 5 tO 

Gly V«| Pro Gly Val Oly 

15 2 0 



( 2 ) INFORMATION FOR SEQ ID NO. 17: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acids 
( B ) TYPE: amino acid 
{ C ) STRANDEDNESS: smg)c 
( D ) TOPOLOGY: Eocar 

( i i ) MOLECULE TYPE: protein 

< i x ) FEATURE: 

( A ) NAME/KEY: Motfified-sit* 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /nocc= "Met at jxmooa 1 has 
a fon&yt groujx"* 

(i i ) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

Met lie Pb o Lev 
1 



( 2 ) INFORMATION FOR SEQ ID NOH8: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acidi 
( B > TYPE: kwo acid 
( C ) STRANDBDNESS: tmgfe 
( D > TOPOLOGY: linear 

< i t ) MOLECULE TYPE: potest 

( i i ) FEATURE: 

( A ) NAME/KEY: Modfied-sste 
( B > LOCATION: I 

( D ) OTHER INFORMATION: /oote= "Met at pooOoa I has 
a fbrayl group.** 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.18: 

Met Lea Pbc Ly t 
) 



( 2 ) INFORMATION FOR SEQ ID NO: 19: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acids 
( B ) TYPE: xxudo acid 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: bocar 



( i i ) MOLECULE TYPE: protein 
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t i i > FEATURE: 

< A I NAME/KEY: Modi6od-site 
( B I LOCATION: t 

, d t OTHER INFORMATION: /ao»e= "Met a podaoa 1 has 
a famyl group." 

{ % i ) SEQUENCE DESCRIPTION: SEQ tD NO: 19: 
Met Leu Pbe lie 



I 2 ) INFORMATION FOR SEQ ID NO.20: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 4 amino acid* 
( B ) TYPE: ammo acid 
( C > STRANDEDNESS: tingle 
( D ) TOPOLOGY: linear 

( i i) MOLECULE TYPE: prods 

< i x ) FEATURE: 

( A > NAME/KEY: Modtfied-site 
( B | LOCATION: 1 

( D » OTHER DEFORMATION: /note* "Mel at powion 1 has 
a fbnnyl grotm. 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-JO: 

Met Pbe lie Leu 



{ 2 ) INFORMATION FOR SEQ ID N021: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acids 

< B ) TYPE: ammo acid 

( C ) STRANDEDNESS: single 

< D )TOPOLOOY:fiaeaT 

< i i ) MOLECULE TYPE: protein 

< i x ) FEATURE: 

( A ) NAME/KEY: Modmcd-sxfe 
( B ) LOCATION: 1 

( D > OTHER INFORMATION: /aotc= "Met at poribon 1 ha* 
a focmyl grcop." 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOSl: 

Met Pfae Leu lie 



( 2 > INFORMATION FOR SBQ IDNO-J2: 

( s ) SEQUENCE CHARACTERISTICS: 
< A ) LENGTH: 4 anooaodj 
( B ) TYPE: ammo acid 
( C > STRANDEDNESS: nigle 
( D )TOPOLOOY: linear 

< i i ) MOLECULE TYPE: protein 

( i x ) FEATURE: 

( A ) NAME/KEY: Mexfifled-ute 
( B ) LOCATION: 1 

( D ) OTHER INFORMATION: /notes "Met at poemon 1 ha* 
a tvilkiji gtonp."* 

( s i ) SEQUENCE DESCRIPTION: SBQ ID N022: 
Mel Leo Me Pbe 



( 2 ) INFORMATION FOR SEQ ID NO&): 
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< i > SEQUENCE CHARACTERISTICS: 
I A ) LENGTH: 4 ram no acids 
( D ) TYPE : amino acid 
I C ) STRANDEDNESS: single 
I D ) TOPOLOOY: linear 

l i i > MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:H: 

Met lie Leu Pho 



I 2 i INFORMATION FOR SEQ ID NO:24: 

( i j SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino adds 
( B ) TYPE: amino acid 
r C ) STRANDEDNESS: tingle 
( D ) TOPOLOOY: fine* 

( i i ) MOLECULE TYPE: protein 

< i x ) FEATURE: 

( A ) NAME/KEY: Modificd-sile 
( B ) LOCATION: I 

( D ) OTHER INFORMATION: /noce= 'Tfar a position 1 hai 
a fenny) group."* 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO£4: 

To* Lp Pro Aig 



( 2 ) INFORMATION FOR SEQ ID NO£5: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: © amino acid* 
( B ) TYPE : annuo ac id 
( C ) STRANDEDNESS: tingle 
( D ) TOPOLOGY: finear 

( t i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO-.23: 

Val Gly Vat Ala Pro Oly 

1 5 



( 2 ) INFORMATION FOR SEQ ID NO£6: 

( i ) SEQUENCE CHARACTERISTICS: 

< A ) LENGTH: 5 amino acids 
( B ) TYPE: amino acid 

< C ) STRANDEDNESS: tmgfe 
( D ) TOPOLOOY: linear 

( i i ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N026: 

Tyr lie Gly Ser A r g 
1 5 



( 2 ) INFORMATION FOR SBQ ID NO:27: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 6 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
{ D ) TOPOLOGY: linear 

( i i ) MOLECULE TYPE: protein 



( i x ) FEATURE: 
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< A i NAME/KEY: MoAfied-*ite 
j B ) LOCATION: I 

l D > OTHER INFORMATION: /oac= Tyi aJ posittoo I has 
■ CH2COS 



, i j ) SEQUENCE DESCRIPTION: SEQ ID NO:27: 

Tyt lie Oly S«i Arg Cy i 
I * 

( 2 ) INFORMATION FOR SEQ ID N023: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 amino acids 
( B >TYPE: mnno acid 
( C ) STRANDSDNESS: wagJc 
( D )TOPOLOaY: linear 

< i t ) MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID N028: 

A.o A.p Oly Asp Phe Olu Olo II. Pto Ola Olo Tyr Leu O I n 

I 5 10 

( 2 ) INFORMATION FOR SEQ ID NO:29: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 14 «mtao adds 
( B ) TYPE: amino acid 
< C > STRANDEDNESS: tingle 
( D ) TOPOLOGY: hncar 

< i i ) MOLECXJl^ TYPE: protein 

( i i ) SEQUENCE DESCRIPTION: SEQ ID NO -29: 

Mi A > p Gly Aip Phe Olo 
1 5 



Olo lie Pro OU Glu Tyt Leo Gin 



1 0 



( 2 ) INFORMATION FOR SEQ ID NO-JO: 

< i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 amino acid* 

< fi ) TYPE: ammo acid 
( C ) STRANDEDNESS: «ngk 
( D ) TOPOLOGY: fiaur 

( i i ) MOLECULE TYP&protoa 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOJO: 

Oly Pio A t g Oly 
I 

( 2 ) INFORMATION FOR SEQ ID NOO I: 

( t ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 19 amino acid* 

< B ) TYPE: amino acid 

< C ) STRANDEDNESS: ntaje 

< D ) TOPOLOGY: fine* 

( i i ) MOLECULE TYPE: proteia 

< i i ) FEATURE: 

( A ) NAME/KEY: ModtSod-aile 

< B ) LOCATION: 1 

( D > OTHER INFORMATION: /aow= "Pre 
a D-Pbe groofx" 

< z i ) SEQUENCE DESCRIPTION: SEQ ID NO*Jl: 

Pro Art Pfo Oly Oly Oly Oly Aid Oly A.p Pbe Olo Olo lie 
1 5 JO 
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Pro Glu Olo Tyf Leo 
I 5 

2 » INFORMATION FOR SEQ ID NOJ2: 

( i ) SEQUENCE CHARACTERISTICS: 
( A > LENGTH: 12 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: imgie 
( D >TOPOLOOY: tinear 

( i i > MOLECULE TYPE: protein 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOJ2: 

Are Are Arg Arg Arg Arg Arg Aig Arg Oly Aip Val 
I 5 10 



( 2 ) INFORMATION FOR SEQ ID N033: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 13 amino acids 
< B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
{ D ) TOPOLOGY: linear 



( i i ) MOLECULE TYPE: ] 

t x i ) SEQUENCE DESCRIPTION: SEQ ID NCK33: 

Pro Lou Tyi Ly* Ly* Me Me Ly* Lyi Leu Leu Oln Ser 
1 5 10 



( 2 ) INFORMATION FOR SEQ ID NO 34: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 4 xxmno acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: single 
( D ) TOPOLOGY: Knear 

( i i ) MOLECULE TYPE: protcia 

{ x i ) SEQUENCE DESCRIPTION: SEQ ID NOJ4: 

Arg Oly Aip Scr 
I 



( 2 ) INFORMATION FOR SEQ ID NO-35: 

( i > SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 12 amino acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: Stagk 
( D ) TOPOLOGY: Bnear 

< i i ) MOLECULE TYPE: protein 

( x t ) SEQUENCE DESCRIPTION: SEQ O NO-35: 

GIo Lys Pro Leo Ola Asa Phe Tbr Leu Ser Pbe Arg 
1 5 10 



< 2 > INFORMATION FOR SEQ ID NOJ6: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 5 amuo acids 
( B ) TYPE: amino acid 
( C ) STRANDEDNESS: tingle 
< D ) TOPOLOGY: linear 

I i i ) MOLECULE TYPE: protein 



f x i ) SEQUENCE DESCRIPTION: SEQ ID N006: 
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Thr L y s Pro Pro Arg 
1 5 



I 2 ) INFORMATION FOR SEQ ID NO:37: 

I i y SEQUENCE CHARACTERISTICS: 
( A | LENGTH: 6 amino acids 
l B ) TYPE: amino acid 
( C t STRANDEDNESS: single 
I D )TOPOLOOy:fineJf 

1 i i » MOLECULE TYPE: jnitein 

( i x ) FEATURE: . 

i A ) NAME/KEY: Modifed-fite 
( B ) LOCATION: 6 

( D ) OTHER INFORMATION: /noto- "Arg at po«noo 6 bat 
an OH grot*?." 

( x i ) SEQUENCE DESCRIPTION: SEQ ID NOJ7: 

Oly Thr Ly • Pro Pro Arg 
I 5 



( : ) INFORMATION FOR SEQ ID NOJS: 

( i ) SEQUENCE CHARACTERISTICS: 
( A ) LENGTH: 9 amiao acids 
( B ) TYPE: cmoo acid 
< C ) STRANDEDNESS: szngte 
( D ) TOPOLOGY: finev 

( i i ) MOLECULE TYPE: jrownn 

( i x ) FEATURE: 

( A ) NAME/KEY: MoA6od-otc 
( B ) LOCATION: 1 

( d ) OTHER INFORMATION: /ncee=* tHy at position 1 has 
m NJ*- dxcaccby) grasp." 

< t x ) FEATURE: 

( A ) NAME/KEY: Mo*ficd«tc 
( B ) LOCATION: 3 

( D ) OTHER INFORMATION: /aow- *^Cys * position 3 bas 
an Acm group." 

( i x ) FEATURE: 

( A ) NAME/KEY: M rw fiftrrt- rim 
( B ) LOCATION: 9 

( D ) OTHER INFORMATION: /aotto M Arg at porinoa 9 is 
uns u bt tinu ed oc bas as OH group." 

( x i ) SEQUENCE DESCRIPTION: SBQ ID NOJ8: 

Oly Tbr Cys Oly Tbr Lys Pro Pro Arg 
1 5 



Wc claim: 

1. A compound of the general formula: 



R» R* 




55 



60 



65 



wherein 

X is a linear or branched, saturated or unsaturated 
C^alkyl chain that is optionally interrupted by one or 
two heteroatoms selected from N. O and S; and is 
optionally substituted by at least one group selected 
from halogen, hydroxyl. amino, carboxyl. C^alkyL 
aryl and C(0)Z; 

Y is H or a substituent defined by X; or 

X or and Y together form a 5- to 8-membered saturated or 
unsaturated heterocyclic ring optionally substituted by 
at least one group selected from halogen, hydroxyl 
amino, carboxyl. oxo, C^alkyl. aryl and C(0)Z; 

R l through R 4 are selected independently from H; car- 
boxyl; C^alkyl; C^alkyl substituted with a group 
selected from hydroxyl. amino, sulfhydryl. halogen. 
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than proline; and C(0)Z: ^ A mcmo< i 0 f detecting the localization of a targeting 

R 5 and R 6 are selected independently from H: carboxyl; molecule within a mammal comprising the step of admin- 

amino; C, ,alkyl; C. -allcyl substituted by hydroxyl. 5 islering a diagnosticaUy effective amount of a compound 

carboxyl or amino; and C(0)Z; according to claim 1. wherein Z is the £?f"f™?™* 

is seized from H and a suffur protecting group; and ^*S£* ^ ' 

Z is selected from hydroxyl and a targeting molecule. ^ ^ ^ method according to claim 15, wherein said metal 

2. A compound according to claim 1. wherein R 1 . R*. R . 10 radionuclide is "Tc. 

R 5 and R 6 are hydrogen. 17. A method of imaging a site of focal ^wflamraation 

3 A compound according to claim 1. wherein X and Y are within a mammal comprising the step of admimstering a 

. , TV . . v radionuchde is ~Tc. 
substituent defined by X. method of imaging a site of focal mflammaUon 

6. A compound according to claim 5. wherein X and Y are ^i* * coia ^ * g ^ step of administering an 
both methyl. t , effective amount of a compound according to claim 14, in a 

7. A compound according to claim 5. wherein K is 2Q f ^ complcxC( i w jth a metal radionuclide or an oxide or 
selected from hydroxymethyl and 1-hydroxyethyL ^ ^ thcreof> 

8. A compound according to claim 5, wherein R , R , R . 2 n. The method according to claim 19, wherein said metal 
R 5 and R 6 are hydrogen. t radionuclide is 9 *Tc. 

9. A compound according to claim 1, wherein Z is a 2 l. a method of imaging a site of focal inflammation 
targeting molecule. 25 within a mammal comprising the step of administering an 

10. A compound according to claim 9. wherein the effective amount of N^-dimethylGly-Ser-Cys(Acm)-Gly- 
targeting molecule is a peptide. Thr-Lys-Pro-Pro-Arg-OH in a form oompiexed with a metal 

11. A compound according to claim 10. wherein the radionuclide or an oxide or nitride thereof. 

peptide comprises 3 or more amino acid residues. %% A method of imaging a site of focal Mammation 

12. A compound according to claim 11. wherein the M within a rnarnmal comprising the step of administering an 
peptide comprises the sequence TKPPR. effective amount of a compound according to claim 21, 

13. A compound according to claim 12. wherein the wherein said metal radionuchde is Tc. 
peptide comprises the sequence Gly-Thr-Lys-Pro-Pro-Arg- 

OH. ***** 
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1. Field of the Invention 

This invention relates to therapeutic agents and peptides, radiotherapeutic agents and 
peptides, radiodiagnostic agents and peptides, and methods for producing such labeled 
radiodiagnostic and radiotherapeutic agents. Specifically, the invention relates to cyclic 

10 peptide derivatives and analogues of somatostatin, and embodiments of such peptides labeled 
with gamma-radiation emitting isotopes such as technetium-99m <Tc-99m), as well as methods 
and kits for making, radiolabeling and using such peptides to image sites in a mammalian 
body. The invention also relates to peptide derivatives and analogues of somatostatin labeled 
with cytotoxic radioisotopes such as rhenium-186 ( ,86 Re) and rhenium-188 ( m Re), and 

15 methods and kits for making, radiolabeling and using such peptides therapeutically in a 
mammalian body. 

2. Description of the Prior Art 

Somatostatin is a tetradecapeptide that is endogenously produced by the hypothalamus 
20 and pancreas in humans and other mammals. The peptide has the formula: 

Formula I 



25 



Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys 



[Single letter abbreviations for amino acids can be found in G. Zubay, Biochemistry (2d ed.), 
1988, (MacMillan Publishing: New York), p.33]. This peptide exerts a wide variety of 
biological effects in vivo. It is known to act physiologically on the central nervous system, 
30 the hypothalamus, the pancreas, and the gastrointestinal tract. 

Somatostatin inhibits the release of insulin and glucagon from the pancreas, inhibits 
growth hormone release from the hypothalamus, and reduces gastric secretions. Thus, 
somatostatin has clinical and therapeutic applications for the alleviation of a number of 



ailments and diseases, both in humans and other animals. Native somatostatin is of limited 
utility, however, due to its short half-life in vivo, where it is rapidly degraded by peptidases. 
For this reason, somatostatin analogues having improved in vivo stability have been developed 
in the prior art. 

5 Freidinger, U.S. Patent No. 4,235,886 disclose cyclic hexapeptide somatostatin 

analogues useful in the treatment of a number of diseases in humans. 

Coy and Murphy, U.S. Patent No. 4,485,101 disclose synthetic dodecapeptide 

somatostatin analogues. 

Freidinger, U.S. Patent No. 4,611,054 disclose cyclic hexapeptide somatostatin 

10 analogues useful in the treatment of a number of diseases in humans. 

Nutt, U.S. Patent No. 4,612,366 disclose cyclic hexapeptide somatostatin analogues 
useful in the treatment of a number of diseases in humans. 

Coy et al., U.S. Patent No. 4,853,371 disclose synthetic -octapeptide somatostatin 

analogues. 

15 Coy and Murphy, U.S. Patent No. 4,871,717 disclose synthetic heptapeptide 

somatostatin analogues. 

Coy et al., U.S. Patent No. 4,904,642 disclose synthetic octapeptide somatostatin 

• >. 

analogues. 

Taylor et al, U.S. Patent No. 5,073,541 disclose a method of treating small cell lung 

20 cancer. 

Brady, European Patent Application No. 83111747.8 discloses dicyclic hexapeptide 
somatostatin analogues useful in the treatment of a number of human diseases. 

Bauer et al, European Patent Application No. 85810617.2 disclose somatostatin 
derivatives useful in the treatment of a number of human diseases. 
25 Eck and Moreau, European Patent Application No. 90302760.5 disclose therapeutic 

octapeptide somatostatin analogues. 

Coy and Murphy, International Patent Application Serial No. PCT/US90/07074 
disclose somatostatin analogues for therapeutic uses. 

Schally et al., European Patent Application Serial No. EPA 911048445.2 disclose 
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cyclic peptides for therapeutic use. 

Bodgen and Moreau, International Patent Application Serial No. PCT/US92/01027 
disclose compositions and methods for treating proliferative skin disease. 

Somatostatin exerts it effects by binding to specific receptors expressed at the cell 
5 surface of cells comprising the central nervous system, the hypothalamus, the pancreas, and 
the gastrointestinal tract. These high-affinity somatostatin binding sites have been found to 
be abundantly expressed at the cell surface of most endocrine-active tumors arising from these 
tissues. Expression of high-affinity binding sites for somatostatin is a marker for these tumor 
cells, and specific binding with somatostatin can be exploited to locate and identify tumor 
10 cells in vivo. 

Methods for radiolabeling somatostatin analogues that have been modified so as to 
contain a tyrosine amino acid (Tyr or Y) are known in the prior art. 

Albert et al, UK Patent Application 8927255.3 disclose radioimaging using 
somatostatin derivatives such as octreotide labeled with m l. 
15 Bakker et al, 1990, J. Nucl. Med. 21: 1501-1509 describe radioactive iodination of 

a somatostatin analog and its usefulness in detecting tumors in vivo. 

Bakker et al, 1991, J. Nucl. Med. 32: 1184-1189 teach the usefulness of radiolabeled 
somatostatin for radioimaging in vivo. 

Bomanji et al, 1992, J. Nucl. Med. 22: 1121-1124 describe the use of iodinated 
20 (Tyr-3) octreotide for imaging metastatic carcinoid tumors. 

Alternatively, methods for radiolabeling somatostatin by covalently modifying the 
peptide to contain a radionuclide-chelating group have been disclosed in the prior art. 

Albert et al, UK Patent Application 8927255.3 disclose radioimaging using 
somatostatin derivatives such as octreotide labeled with "'In via a chelating group bound to 

25 the amino-terminus. 

Albert et al, European Patent Application No. WO 91/01144 disclose radioimaging 
using radiolabeled peptides related to growth factors, hormones, interferons and cytokines and 
comprised of a specific recognition peptide covalently linked to a radionuclide chelating 
group. 
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Albert et al, European Patent Application No. 92810381.1 disclose somatostatin 
peptides having amino-terminally linked chelators. 

Faglia et al, 1991, J. Clin. Endocrinol. Metab. 72: 850-856 describe the detection 
of somatostatin receptors in patients. 
5 Kwekkeboom et al, 1991, J. Nucl. Med. 32: 981 Abstract #305 relates to 

radiolabeling somatostatin analogues with "'In. 

Albert et al, 1991, Abstract LM10, 12th American Peptide Symposium: 1991 describe 
uses for "'In-labeled diethylene-triaminopentaacetic acid-derivatized somatostatin analogues. 
Krenning et al, 1992, J. Nucl. Med. 22: 652-658 describe clinical scintigraphy using 
10 [ M, In][DTPA]octreotide. 

These methods can be readily adapted to enable detection of tumor cells in vivo by 
radioimaging, based on the expression of high affinity binding sites for somatostatin on tumor 
cells. Radionuclides which emit gamma radiation can be readily detected by scintigraphy 
after injection into a human or an animal. A variety of radionuclides are known to be useful 
15 for radioimaging, including "Ga, «Ga, Tc (Tc-99m), '"In, 123 I or «L The sensitivity of 
imaging methods using radioactively-labeled peptides is much higher than other techniques 
known in the art, since the specific binding of the radioactive peptide concentrates the 
radioactive signal over the cells of interest, for example, tumor cells. This is particularly 
important for endocrine-active gastrointestinal tumors, which are usually small, slow-growing 
20 and difficult to detect by conventional methods. Labeling with technetium-99m <Tc-9?m) is 
advantageous because the nuclear and radioactive properties of this isotope make it an ideal 
.scintigraphic imaging agent. Tc-99m has a single photon energy of 140 keV and a 
radioactive half-life of about 6 hours, and is readily available from a "Mo- 99n Tc generator. 
Other radionuclides have effective half-lives which are much longer (for example, '"In, which 
25 has a half-life of 60-70 h) or are toxic (for example, ,25 I). Although Tc-99m is an ideal 
radiolabeling reagent, it has not been widely used in the art prior to the present invention 
[see, for example, Lamberts, J. Nucl. Med. 22: 1189-1191 (1991)]. 

Somatostatin and radiolabeled somatostatin analogues can also be used therapeutically. 
For these applications, cytotoxic radioisotopes are advantageous, such as scandium-47, copper- 
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67 gallium-72, yttrium-90, iodine-125, iodine-131, samarium-153, gadolinium-159, 
dysprosium-165, holmium-166, ytterbium- 175, lutetium-177, rhenium-186, rhenium-188, 
astatine-211 and bismuth-212. The rhenium isotopes '"Re and -Re are particularly 
advantageous. 

5 The use of chelating agents for radiolabeling proteins are known in the prior art, and 

methods for labeling peptides Tc-99m are disclosed in co-pending U.S. Patent Applications 
- ll " Serial Nos. 07/653,012, 07/757,470, 07/807,062, 07/851,074, 07/871,282, 07/886,752, 
07/893 981, 07/955,466, 07/977,628, 08/019,864, 08/044,825 and 08/073,577, and PCT 
International Applications PCT/US92/00757, PCT/US92/10716, PCT/US93/02320, 

10 PCT/US93/03687, PCT/US93/04794, PCT/US93/05372, and PCT/US93/06029, which are 

hereby incorporated by reference. 

Fritzberg, U.S. Patent No. 4,444,690 describes a series of technetium-chelating agents 

based on 2,3-bis(mercaptoacetamido) propanoate. 

Gansow et aL, U.S. Patent No. 4,472,509 teach methods of manufacturing and 
15 purifying Tc-99m chelate-conjugated monoclonal antibodies. 

Reno and Bottino, European Patent Application 87300426.1 disclose radiolabeling 

antibodies with Tc-99m. 

Pak et aL, European Paten* Application No. WO 88/07382 disclose a method for 

labeling antibodies with Tc-99m. 
20 Cox, International Patent Application No. PCT/US92/04559 discloses radiolabeled 

somatostatin derivatives containing two cysteine residues. 

Rhodes, 1974, Sem. Nucl. Med. 4: 281-293 teach the labeling of human serum 

albumin with technetium-99m. 

Khaw et aL, 1982, J. Nucl. Med. 23: 1011-1019 disclose methods for labeling 

25 biologically active macromolecules with Tc-99m. 

Byrne and Tolman, supra, disclose a Afunctional thiolactone chelating agent for 

coupling Tc-99m to biological molecules. 

Cox et aL, 1991, Abstract, 7th International Symposium on Radiopharmacology, p. 
16, disclose the use of, Tc-99m-, '"I- and . '''In-labeled somatostatin analogues in 
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radiolocalization of endocrine tumors in vivo by scintigraphy. 

Methods for directly labeling somatostatin, derivatives of somatostatin, analogues of 
somatostatin or peptides that bind to the somatostatin receptor and contain at least 2 cysteine 
residues that form a disulfide or wherein the disulfide is reduced to the sulfhydryl form, are 

5 disclosed in copending U.S. Patent Application Serial No. 07/807,062, now U.S. Patent No. 
5,225,180, issued July 6, 1993 which is hereby incorporated by reference. 

' There remains a need for synthetic (to make routine manufacture practicable and to 
ease regulatory acceptance) somatostatin analogues having increased in vivo stability, to be 
used therapeutically, as scintigraphic agents when radiolabeled with Tc-99m or other 

10 detectable radioisotopes for use in imaging tumors in vivo, and as radiotherapeutic agents 
when radiolabeled with a cytotoxic radioisotope such as rhenium-188. Small synthetic 
somatostatin analogues are provided by this invention that specifically fulfill this need. 

STTMMARY THF. INVENTION 

15 The present invention provides somatostatin analogues that are cyclic peptides for 

therapeutic applications, including radiotherapeutic applications, and diagnostic applications, 
including radiodiagnostic applications, in particular scintigraphic imaging applications. 
Distinct from native somatostatin'- 2nd somatostatin analogues known in the prior art, the 
cyclic peptides of the invention are not comprised of a disulfide bond. The invention also 
20 provides cyclic peptide reagents comprised of the cyclic peptide somatostatin analogues of the 
invention, wherein such peptides are covalently linked to a radiolabel-binding moiety. The 
invention provides such cyclic peptides, cyclic peptide reagents and radiolabeled cyclic peptide 
reagents that are scintigraphic imaging agents, radiodiagnostic agents and radiotherapeutic 
agents. Scintigraphic imaging agents of the invention comprise, cyclic peptide reagents 

25 radiolabeled with a radioisotope, preferably technetium-99m. Radiotherapeutic agents of the 
invention comprise cyclic peptide reagents radiolabeled with a cytotoxic radioisotope, 
preferably rhenium-186 or rhenium-188. Methods for making and using such cyclic peptides, 
cyclic peptide reagents and radiolabeled embodiments thereof are also provided. 

The invention provides a cyclic peptide that is a somatostatin analogue as a 

30 composition of matter comprising a somatostatin-receptor binding peptide having the formula: 
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Formula II 

R 1 (CR^-[C(R 3 R 4 )] o -C0-A l AWB , BWC , C J C 3 -KH : CR ,, -X 2 



-(CR 7 ^) -(CR 5 R 6 )„ 

where R l , R 2 , R 5 and R 6 are each independently H, lower alkyl or substituted alkyl, aryl or 
substituted aryl; R 3 and R 4 are each independently H, lower alkyl or substituted alkyl, aryl 

10 or substituted aryl, or wherein either R 3 or R 4 is X 1 ; A 1 and C 3 are independently a bond 
or a D- or L-amino acid; A 2 , A 3 and C 1 are each independently a bond or a lipophilic D- 
or L-amino acid; B 1 is D- or L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 
2-aminoindan-2-carboxylic acid (Ain) or a substituted derivative thereof; B 2 is D- or L-Trp 
or a substituted derivative thereof; B 3 is D- or L-Lys or homolysine (Hly), 4-amino- 

15 C yclohexylalanine(Achxa),4-aminomethylpheny^ 

S-(3-aminopropyl)cysteine (Ape), 0-(2-aminoethyl) serine (Aes), 0-(3-aminopropyl)serine 
(Aps) or a substituted derivative thereof; B 4 is Thr, Ser, Val, Phe, lie, Leu, 2-amino- 
isobutyric acid (Aib), 2-aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C 2 
is a bond or D- or L-Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva, Nal or Aib or a 

20 substituted derivative thereof; X' isN/R 10 ),, where each R 10 is independently hydrogen, lower 
alkyl or substituted lower alkyl, aryl or substituted aryl or a hydrophilic moiety of less than 
about 1500 daltons; X 2 is -COOR 9 , -CH 2 OH, CH 2 COOR 9 , or -CON^ 9 ),, where each R 9 is 
independently H. lower linear or cyclic alkyl or a substituted derivative thereof or a 
hydrophilic moiety of less than about 1500 daltons; and where m is 0,1,2 or 3 and p is 0, 

25 1 or 2; R 7 and R' are independently H, lower alkyl or substituted lower alkyl, or either R 7 
or R s are -COOH or -CO.N(R ,0 ) 2 or -COOR 12 , or R 7 and R 8 together are an oxygen atom; 
R' 2 is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; Z is a sulfur 
atom, an oxygen atom, NR'\ NR'W, NR^CO.NR' 3 , S0 2 , NR ,3 S0 2 or the moiety (S=0); 
and further where R ,J is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted 

30 aryl; and where Z is NR ,J , R 7 and R» are not together an oxygen. In a preferred 
embodiment, the X' moiety is an amino acid or a peptide sequence comprising 10 or fewer 
amino acids, or a monosaccharide or oligosaccharide comprising 10 or fewer saccharide 
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units, or a poly(^carboxyalkyl)amine or a poly-oxy anion and the X 2 moiety is poly(tf- 
carboxyalkyl)amine or a polyoxy-anion, or an amino acid or a peptide having an amino acid 
sequence of no more than 10 residues (including peptides wherein the carboxyl group of the 
carboxyl-terminal amino acid is reduced to an alcohol), or a monosaccharide or 
5 oligosaccharide comprising 10 or fewer saccharide units. In another preferred embodiment, 
B' is phenylalanine or tyrosine, B 2 is D-tryptophan, B 3 is lysine and B 4 is threonine or 
valine. 

The invention also provides a cyclic peptide that is a somatostatin analogue as a 
composition of matter comprising a somatostatin-receptor binding peptide having the formula: 
jq Formula ITT 

cycfo-AM^BW-C 4 - 

where B 1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a substituted derivative 
thereof; B 2 is D- or L-Trp or a substituted derivative thereof; B 3 is D- or L-Lys or Hly, 
Achxa,' Amf, Aec, Ape, Aes, Aps or a substituted derivative thereof; B 4 is Thr, Ser, Val, 

15 Phe, He, Abu, Nle, Leu, Nva or Aib; C 4 is an L-amino acid comprising a sidechain having 
a mercapto group; and A 4 is a lipophilic D-amino acid or a lipophilic L-(a-tf-alkyl) amino 
acid or L-cysteine or L-proline or a substituted derivative thereof. This moiety is a cyclic 
peptide moiety, where the amino' terminus of the A 4 residue is covalently linked with the 
carboxyl terminus of the C 4 residue. In a preferred embodiment, B 1 is phenylalanine or 

20 tyrosine, B 2 is D-tryptophan, B 3 is lysine and B 4 is threonine or valine. 

The invention also provides a cyclic peptide reagent comprising a somatostatin-receptor 
binding peptide having the formula: 

Formula II 

25 R-(CR 2 )-[C(R 3 R 4 )] m -CO-A>A 2 A 3 B'B 2 B 3 B 4 C'C 2 C 3 -NH i CR»-X 2 

Z (CR 7 R 8 ) (CR 5 R 6 )p 



30 



where R\ R 2 , R 5 and R 6 are each independently H, lower alkyl or substituted alkyl, aryl or 
substituted aryl; R J and R 4 are each independently H, lower alkyl or substituted alkyl, aryl 
or substituted aryl, or wherein either R 3 or R 4 is X'; A 1 and C 3 are independently a bond 
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or a D- or L-amino acid; A 2 , A 3 and C> are each independently a bond or a lipophilic D- 
or L-amino acid; B» is D- or L-Phe or D- or L-Tyr or D- or L-2-naphthylalanine (Nal) or 
2-aminoindan-2-carboxylic acid (Ain) or a substituted derivative thereof; B 2 is D- or L-Trp 
or a substituted derivative thereof; B 3 is D- or L-Lys or homolysine (Hly), 4-amino- 
5 cyclohexylalanine (Achxa), 4-aminomethylphenylalanine(Amf), S-(2-aminbethyl)cysteine(Aec), 
S-(3-aminopro P yl)cysteine (Ape), 0-(2-aminoethyl) serine (Aes), 0-(3-aminopropyl)serine 
(Aps) or a substituted derivative thereof; B 4 is Thr, Ser, Val, Phe, He, Leu, 2-amino- 
isobutyric acid (Aib), 2-aminobutyric acid (Abu), norvaline (Nva), or norleucine (Nle); C 2 
is a bond or D- or L-Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva, Nal or Aib or a 
10 substituted derivative thereof; X' is N(R 10 ) 2 , where each R 10 is independently hydrogen, lower 
alkyl or substituted lower alkyl, aryl or substituted aryl or substituted with a hydrophilic 
moiety of less than about 1500 daltons; X 2 is -COOR*. -CH 2 OH, CH 2 COOR>, or -CON(R\, 
where each R 9 is independently H, lower linear or cyclic alkyl or a substituted derivative 
thereof or substituted with a hydrophilic moiety of less than about 1500 daltons; and where 
15 m is 0,1,2 or 3 and p is 0, 1 or 2; R 7 and R 8 are independently H, lower alkyl or 
substituted lower alkyl, or either R 7 or R 8 are -COOH or -CO.N(R'°) 2 or -COOR 12 , or R 7 
and R 8 together are an oxygen atom; R 12 is hydrogen, lower alkyl or substituted lower alkyl, 
aryl or substituted aryl; Z is a bond, a sulfur atom, an oxygen atom, NR 13 , NR I3 NR", 
NR 13 .CO.NR 13 , S0 2 , NR 13 S0 2 or the moiety (S=0); and further where R 13 is hydrogen, 
20 lower alkyl or substituted lower alkyl, aryl or substituted aryl; and where Z is NR 13 , R 7 and 
R 8 are not together an oxygen. In a preferred embodiment, the X 1 moiety is an amino acid 
or a peptide sequence comprising 10. or fewer amino acids, or a monosaccharaide or 
oligosaccharide comprising 10 or fewer saccharide units, or a poly(^carboxyalkyl)amine or 
a poly-oxy anion and the X 2 moiety is poly(iV-carboxyalkyl)amine or a polyoxy-anion, or an 
25 amino acid or a peptide having an amino acid sequence of no more than 10 residues 
(including peptides wherein the carboxyl group of the carboxyl-terminal amino acid is reduced 
to an alcohol), or a monosaccharide or oligosaccharide comprising 10 or fewer saccharide 
units. In another preferred embodiment, B' is phenylalanine or tyrosine, B 2 is D-tryptophan, 
B 3 is lysine and B 4 is threonine or valine. 

The invention also provides a cyclic peptide that is a somatostatin analogue as a 



30 
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composition of matter comprising a somatostatin-receptor binding peptide having the formula: 

Formula III 
cyc/o-A^B'BW-C 4 - 

where B l is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or a substituted derivative 

5 thereof; B 2 is D- or L-Trp or a substituted derivative thereof; B 3 is D- or L-Lys or Hly, 
Achxa, Amf, Aec, Ape, Aes, Aps or a substituted derivative thereof; B 4 is Thr, Ser, Val, 
Phe, He, Abu, Nle, Leu, Nva or Aib; C 4 is an L-amino acid; and A 4 is a lipophilic D-amino 
acid or a lipophilic L-(a-iV-alkyl) amino acid or L-cysteine or L-proline or a substituted 
derivative thereof; . This moiety is a cyclic peptide moiety, where the amino terminus of 

10 the A 4 residue is covalently linked with the carboxyl terminus of the C 4 residue. In a 
preferred embodiment, B 1 is phenylalanine or tyrosine, B 2 is D-tryptophan, B 3 is lysine and 
B 4 is threonine or valine; and wherein the cyclic peptide is covalently linked to a radiolabel- 
binding moiety, wherein the radiolabel-binding moiety is not covalently linked to the moieties 
B\ B\ B 3 , B 4 or A 4 of the peptide. 

15 The invention also provides scintigraphic imaging agents comprising the cyclic peptide 

reagents of the invention wherein the radiolabel-binding moiety is stably complexed with a 
radioisotope. In one such embodiment is provided a scintigraphic imaging agent wherein the 
somatostatin analogue, cyclic peptide reagents of the invention are radiolabeled with 
technetium-99m. In other embodiments of the scintigraphic imaging agents of the invention 

20 the radioisotope is indium-Ill or gallium-68. In still other embodiments, the scintigraphic 
imaging agents of the invention are cyclic peptides that are radiolabeled with iodine-123 or 
iodine-125. 

The invention also provides radiotherapeutic agents that are the cyclic peptide reagents 
of the invention radiolabeled with a cytotoxic radioisotope that is selected from the group 

25 consisting of scandium-47, copper-67, gallium-72, yttrium-90, samarium-153, gadolinium-159, 
dysprosium-165, holmium-166, ytterbium- 175, lutetium-177, rhenium-186, rhenium-188, and 
bismuth-212. In preferred embodiments, the radioisotope is rhenium-186 or rhenium-188. 
In additional preferred embodiments, the cyclic peptides of the invention are radiolabeled with 
iodine-125, iodine-131 or astatine-211. 

30 The invention further provides therapeutic agents comprising the cyclic peptide 
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reagents of the invention, optionally wherein the reagents form a complex with a non- 
radioactive metal, preferably rhenium. In this aspect of the invention, the cyclic peptide 
somatostatin analogues have increased in vivo stability compared with native somatostatin. 
Combination embodiments, wherein such a complex is also radiolabeled, either directly or 

5 via a radiolabel-binding moiety, are also provided by the invention and are within its scope. 
The somatostatin analogues of the invention are therapeutically useful in the alleviation of 
diseases or other ailments in humans or other animals. 

The invention also provides pharmaceutical compositions comprising the somatostatin 
receptor-binding peptides of the invention in a pharmaceutically acceptable carrier. 

10 The invention also provides a method for alleviating somatostatin-related diseases in 

animals, preferably humans, comprising administering a therapeutically effective amount of 
the somatostatin analogues of the invention to the animal. In preferred embodiments, the 
amount of the somatostatin analogue administered is from about OH to about 50 mg/kg body 
weight/day. 

15 Another aspect of the present invention provides reagents for preparing scintigraphic 

imaging agents, each reagent comprising a peptide that is somatostatin analogue and is 
covalently linked to a radiolabel-binding moiety. 

It is an advantage of the somatostatin analogues provided by this invention that the 
non-disulfide cyclic linkage contained therein is stable under the conditions of radiolabeling 

20 the covalently linked radiolabel-binding moiety. In contrast, for example, Tc-99m conjugation 
to a Tc-99m binding moiety covalently linked to native somatostatin, or to a somatostatin 
analogue having a disulfide bond, can result in reduction of the disulfide accompanied by a 
loss of biological activity. Such loss of biological activity can also occur in vivo using native 
somatostatin, or to any somatostatin analogue having a disulfide bond. The present invention 

25 is not subject to similar losses in biological activity in vivo because the non-disulfide cyclic 
linkages in each of the somatostatin analogues of the invention comprise stable covalent 
bonds. 

It is another advantage of the somatostatin analogues provided by this invention that 
the cyclic covalent linkage acts to protect the peptide from degradation by exopepetidases. 
30 Further, the cyclic structure confers a degree of conformational rigidity to the peptide that 
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can act to enhance binding of the peptide to its biological target (i.e., the somatostatin 
receptor). 

A first aspect of the reagents provided by the invention for preparing radiolabeled 
agents are reagents that are each comprised of a cyclic peptide that is a somatostatin analogue 
5 that is covalently linked to a radiolabel-binding moiety having the formula: 

C(pgp)"-(aa)-C(ipgp)P 

where (pgp) s is hydrogen or a thiol protecting group and (aa) is an amino acid. In a 
preferred embodiment, the amino acid is glycine. In another preferred embodiment, the 
agent is a scintigraphic imaging agent. In yet another preferred embodiment, the agent is 
10 a radiotherapeutic agent. 

In a second embodiment, the invention provides cyclic peptide reagents capable of 
being radiolabeled to form radiodiagnostic and radiotherapeutic agents, each comprising a 
somatostatin analogue that is covalently linked to a radiolabel-binding moiety of of formula: 

A-CZ(B)-[C(R'R")] n -X 

15 wherein A is H, HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC or R""; B is H, SH or - 
NHR'", -N(R"')-(peptide) or R""; Z is H or R""; X is SH or -NHR'", -N(R"')-(peptide) 
or R""; R', R", R"' and R"" are independently H or straight or branched chain or cyclic 
lower alkyl; n is 0, 1 or 2; and: (1) where B is -NHR"' or -N(R"')-(peptide), X is SH and 
n is 1 or 2; (2) where X is -NHR'" or -N(R"')-(peptide), B is SH and n is 1 or 2; (3) 

20 where B is H or R"", A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC, X is SH and 
n is 0 or 1; (4) where A is H or R"", then where B is SH, X is -NHR'" or -N(R"')- 
(peptide) and where X is SH, B is -NHR'" or -N(R"')-(peptide); (5) where X is H or R"", 
A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC and B is SH; (6) where Z is methyl, 
X is methyl, A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC and B is SH and n is 

25 0; and (7) where Z is SH and X is SH, n is not 0; and wherein the thiol moiety is in the 
reduced form. In a preferred embodiment, the agent is a scintigraphic imaging agent. In 
yet another preferred embodiment, the agent is a radiotherapeutic agent. 

In another embodiment, the invention provides cyclic peptide reagents capable of being 
radiolabeled with a radioisotope to form radiodiagnostic and radiotherapeutic agents, each 

30 comprising a somatostatin analogue that is covalently linked to a radiolabel-binding moiety 
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of formula: 



- CO - (amino acid) - cysteine - CO - peptide 

SX 



[for purposes of this invention, radiolabel-binding moieties having this structure will be 
5 referred to as picolinic acid (Pic)-based moieties] 
or 

peptide - HN - cysteine - (amino acid) - NH - CH 2 
SX 

wherein X is H or a protecting group; (amino acid) is any amino acid and the radiolabel- 
10 binding moiety is covalently linked to the peptide. For purposes of this invention, radiolabel- 
binding moieties having this structure will be referred to as picolylamine (Pica)-based 
moieties. In a preferred embodiment, the amino acid is glycine and X is an acetamidomethyl 
protecting group. In another preferred embodiment, the agent is a scintigraphic imaging 
agent. In yet another preferred embodiment, the agent is a radiotherapeutic agent. 
15 Yet another embodiment of the invention provides cyclic peptide reagents capable of 

being radiolabeled with a radioisotope for imaging sites within a mammalian body or for 
radiotherpeutic purposes, each comprising a somatostatin analogue that is covalently linked 
to a radiolabel-binding moiety that'is a bisamino-bisthiol radiolabel-binding moiety. The 
bisamino bisthiol radiolabel-binding moiety in this embodiment of the invention has the 
20 formula: 

^(CR^ 

NH ^N-A-CO-X 
/ \ 
(CR 2 ) m (CR^p 

S-(pgp) s S-(pgp) s 

25 wherein each R can be independently H, CH 3 or C 2 H 5 ; each (pgp) s can be independently a 
thiol protecting group or H; m, n and p are independently 2 or 3; A is linear or cyclic 
lower alkyl, aryl, heterocyclyl, combinations or substituted derivatives thereof; and X is 
peptide; or 
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(CR^ 

NH Va-CH(V)NHR' 

(Ay- (CRA> 

SH SH 

5 wherein each R is independently H, CH, or C 2 H,; m, n and p are independently 2 or 3; A 
is linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or substituted derivatives 
thereof; V is H or CO-peptide; R' is H or peptide; provided that when V is H, R' is peptide 
and when R' is H, V is peptide. For purposes of this invention, radiolabel-binding moieties 
having these structures will be referred to as "BAT" moieties. In a preferred embodiment, 

10 the agent is a scintigraphic imaging agent. In yet another preferred embodiment, the agent 
is a radiotherapeutic agent. 

This invention provides methods for preparing peptide reagents of the invention by 
chemical synthesis in vitro. In a preferred embodiment, cyclic peptides are synthesized by 
solid phase peptide synthesis. 

15 This invention provides reagents for preparing a radiolabled somatostatin receptor- 

binding agent comprising the somatostatin receptor-binding cyclic peptides of the invention 
covalently linked to a radiolabel-binding moiety. In a preferred embodiment, the reagent is 
radioactively labeled with Tc-99'm v : In another preferred embodiment, the reagent is 
radioactively labeled with I86 Re or ,88 Re. 

20 The invention also comprises agents that are complexes of the cyclic peptide reagents 

of the invention with a radioisotope, as well as methods for radiolabeling the peptide reagents 
of the invention. For example, scintigraphic imaging agents provided by the invention 
comprise Tc-99m labeled complexes formed by reacting the peptide reagents of the invention 
with Tc-99m in the presence of a reducing agent. Preferred reducing agents include but are 

25 not limited to dithionite ion, stannous ion and ferrous ion. Such Tc-99m complexes of the 
invention are also formed by labeling the peptide reagents of the invention with Tc-99m by 
ligand exchange of a prereduced Tc-99m complex as provided herein. 

The invention also provides kits for preparing radiolabeled somatostatin analogue cyclic 
peptides from the peptide reagents of the invention. Kits for radiolabeling the peptide 

30 reagents of the invention are comprised of a sealed vial containing a predetermined quantity 
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of a peptide reagent of the invention and a sufficient amount of reducing agent to radiolabel 
the peptide. In a preferred embodiment, the radiolabeled somatostain analogue is a 
scintigraphic imaging agent. Also preferred is radiolabeling the peptide reagents of the 
invention with Tc-99m. Kits for preparing radiotheapeutic agents are also provided, wherein 
5 the preferred radioisotopes are rhenium- 186 and rhenium- 188. 

This invention provides methods for using the radiolabeled peptide reagents of the 
invention diagniostically and therapeutically. In one embodiment of the invention, methods 
are provided for using scintigraphic imaging agents that are Tc-99m labeled peptide reagents 
for imaging sites within a mammalian body by obtaining in vivo gamma scintigraphic images. 
10 These methods comprise administering an effective diagnostic amount of radiolabeled peptide 
reagents of the invention and detecting the gamma radiation emitted by the radiolabel 
localized at the site within the mammalian body. 

The invention also provides methods for alleviating somatostatin-related diseases in 
animals, preferably humans, comprising administering a therapeutically effective amount of 
15 the radiolabeled somatostatin-binding peptide reagents of the invention to the animal. In 
preferred embodiments, the reagent is radioactively labeled with 186 Re or m Re. 

The cyclic peptides and cyclic peptide reagents of the invention may also be comprised 
of a polyvalent linking moiety. Pofyvalent linking moieties of the invention are comprised 
of at least 2 identical linker functional groups capable of covalently bonding to somatostatin 
20 analogue cyclic peptides or radiolabel-binding moieties. Preferred linker functional groups 
are primary or secondary amines, hydroxyl groups, carboxylic acid groups or thiol-reactive 
groups.. In preferred embodiments, the polyvalent linking moieties are comprised of bis- 
succinimidylmethylether (BSME), 4-(2,2-dimethylacetyl)benzoic acid (DMBA), N-[2-(N',N'- 
te(2-sucdmmido^yl)^ 
25 (BAT-BS), mj(succinimidylethyl)amine (TSEA), fo>succinimidohexane (BSH), 4-(0-CH 2 CO- 
Gly-Gly-Cys.amide)-2-methylpropiophenone (ETAC) or a derivative thereof. 

Specific preferred embodiments of the present invention will become evident from the 
following more detailed description of certain preferred embodiments and the claims. 
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DETAILED DF*rRTPTTON Q E THE INVENTION 
The present invention provides cyclic peptides that are somatostatin analogues and that 
are not comprised of a disulfide bond. Such somatostatin analogues thereby possess increased 
in vivo stability compared with native somatostatin. These cyclic peptides are themselves 
5 therapeutic agents for alleviating diseases and other ailments in animals including humans. 

Also provided by the invention are cyclic peptides that may be radioiodinated or 
radioastatinated and which are thereby useful in radiotherapeutic and radiodiagnostic 
applications. 

Another embodiment of these cyclic peptides that is provided by this invention are 

10 cyclic peptide reagents wherein the cyclic peptides of the invention are covalently linked to 
a radiolabel-binding moiety. Such cyclic peptide reagents are capable of being radiolabeled 
to provide radiodiagnostic or radiotherapeutic agents. One example of a radiodiagnostic 
application using the radiolabeled agents of the invention is scintigraphic imaging, wherein 
the location and extent of somatostatin receptor-bearing tumors may be determined. The 

15 cyclic peptide reagents of the invention can also advantageously be radiolabeled with cytotoxic 
radioisotopes such as rhenium-186 or rhenium-188 for radiotherapeutic uses. The cyclic 
peptide reagents of the invention are also useful in preparing complexes with non-radioactive 
metals, said complexes being useful therapeutically. 

The invention provides a method for using the somatostatin analogues of the invention 

20 to alleviate diseases or other ailments in animals, preferably humans. These diseases and 
ailments include but are not limited to diabetes and diabetes-related retinopathy, cirrhosis of 
• the liver and hepatitis infection, bleeding ulcers and other gastrointestinal bleeding, 
pancreatitis, central nervous system disorders, endocrine disorders, Alzheimer's disease, 
acromegaly and other diseases and disorders related to the production of inappropriate levels 

25 of growth hormone in vivo, and cancer, particularly those cancers whose growth is dependent 
or influenced by growth hormone production. Dosages of the somatostatin analogues 
provided by the invention may be the same as those dosages of native somatostatin routinely 
used for treatment of the above or other diseases, or less of the compounds of the invention 
may be administered due to their longer in vivo half-life. 

30 Labeling with Tc-99m is an advantage of the present invention because the nuclear 
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and radioactive properties of this isotope make it an ideal scintigraphic imaging agent. This 
isotope has a single photon energy of 140 keV and a radioactive half-life of about 6 hours, 
and is readily available from a "Mo-Tc generator. Other radionuclides may also be used 
in the practice of the invention as disclosed herein. 
5 The term scintigraphic imaging agent as used herein is meant to encompass a 

radiolabeled agent capable of being detected with a radioactivity detecting means (including 
but not limited to a gamma-camera, a Geiger-Muller counter and a scintillation detector 
probe). 

Radiotherapeutic embodiments of the invention, on the other hand, are advantageously 
10 labeled with a cytotoxic radioisotope, including but not limited to scandium-47, copper-67, 
gallium-72, yttrium-90, iodine-125, iodine-131, samarium-153, gadolinium- 159, dysprosium- 
165, holmium-166, ytterbium-175, lutetium-177, rhenium-186, rhenium-188, astatine-211 and 
bismuth-212, most preferably ,M Re or ,M Re. Such embodiments are useful in the treatment 
of somatostatin-related diseases or other ailments in animals, preferably humans, including 
15 but not limited to cancer and other diseases characterized by the growth of malignant or 
benign tumors capable of binding somatostatin or somatostatin analogues via the expression 
of somatostatin receptors on the cell surface of cells comprising such tumors. 

In the radiolabel-binding 'nifoieties and cyclic peptides covalently linked to such 
moieties that contain a thiol covalently linked to a thiol protecting groups [(pgp) s ] provided 
20 by the invention, the thiol-protecting groups may be the same or different and may be but 
are not limited to: 

-CH 2 -aryl (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 
-CH-(aryl) 2 , (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 
-C-(aryl),, (aryl is phenyl or alkyl or alkyloxy substituted phenyl); 
25 -CH 2 -(4-methoxyphenyl); 

-CH-(4-pyridyl)(phenyl) 2 ; 
-C(CHj), 

-9-phenylfluorenyl; 

-CHjNHCOR (R is unsubstituted or substituted alkyl or aryl); 
30 -CH 2 -NHCOOR (R is unsubstituted or substituted alkyl or aryl); 
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-CONHR (R is unsubstituted or substituted alkyl or aryl); 
-CH 2 -S-CH 2 -phenyl 

Preferred protecting groups have the formula -CH 2 -NHCOR wherein R is a lower 
alkyl having 1 and 8 carbon atoms, phenyl or phenyl-substituted with lower alkyl, hydroxyl, 
5 lower alkoxy, carboxy, or lower alkoxycarbonyl. The most preferred protecting group is an 

acetamidomethyl group. 

Each somatostatin receptor-binding cyclic peptide-containing embodiment of the 
invention is comprised of a sequence of amino acids. The term amino acid as used in this 
invention is intended to include all L- and D- amino acids, naturally occurring and otherwise. 
10 Reagents comprising somatostatin receptor-binding peptides provided by the invention include 
but are not limited to the following illustrative examples of the peptide embodiments of the 
invention: 

Structures Depicted bv Si nple-Letter Code 

15 ryrln f ^CH.,F. YW^KV.HCV 

CHfCO.FYWr.KTFC . amide 
CH,CO.FFWr.KTF.Hhc .amide 
rvrto. CYWpKVC 
CH 7 CO.FFW . ,KTFC .amide 

20 ryr//i. f^-CH^F.YW r KV.K.fBA-n 

0 >rM W-CH,'>F.YW r .KV.Hcv fCH,CO.K(e-K)GC.amide) 
^r/n. W-CH,)F.YW n KV,Hcy(CH 7 CO.C Aeni GC Acm .amide) 
ryrln. f A/-CH/1F. YW„KV.Hcv (CH,CO.CGC.amide) 
ryrln W-CH^F.YW f ,KV.Hcv (CH,CQ.CGC) 

25 CH ? CO. FFW P KTFC . fB AMI 

^r/n. W-CH^F.YWpKV.Hcv rCH^O.q-^GC.amide) 

ryrln (MCH^F YW f ,KV.HcW CH,CO.GGC.amide) 

ryrln f^-CH^F. YWJCV.E . (BAM) 
7CH .Cn NFFW^KTFTC 
30 CH,CO.FFW . ,KTFC 
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cvc/o. (^-CHOF.YWnKV.Hcy 

CH,CQ.FFWnKTFC (s-K)GC.amide 

CH,CO.FFWnKTFCC AcmGC A cmamide 

CH,CO.FFWnKTF.Hcv 

CH 2 CO.YWnKTC 

CH,CO.YWnKT.Hcv .amide 

CH 2 CO.YWnKT.Hhc .T(CH 2 OH) 

CH 2 CO.YWnKTCT GGC M ob-amide 

CH 2 CO.YWnKT.Hhc 

n-PW^ y/ ,-C H,CH 2 CO.YWnKTC 

CH 2 CO.FWnKT.Pen 

CH 2 CO.FWnKTHcv .amide 

CH,CO.YWnKTCT 

CH 2 CO.YWnKTCT (CH 2 OH) 

CH,CO.YWnKTCT C Acm GC Ac m.amide 

CH 2 CO.FWnKTHcv 
CH 2 CO.YWnKTC .amide 

where the above structures, represented by single-letter amino acid sequence code correspond 
following three-letter amino acid sequence code: 

Structures Depicted bv Single-Letter Code Structures Depicted by Three-Letter Code 
CH,CO.YWnKT.Hhc 0= C-Tyr-D-Trp-Lys-Thr-NHCHCOOH 




SCH2CH2CH2 



D-PHKNY1 -CHoCH oCO. YWnKTC 



D-PhCH 2 CHCO-Tyr-D-Trp-Lys-Thr-NHCHCOOH 



SCH 2 



CH,CO.FWnKT.Pen 



0= C-Phe-D-Trp-Lys-Thr-NHCHCOOH 




19a 



Structures DcoictrH hv SinrielLetter Code Structures Depicted by Three-Letter Code 
CH,CO.FWnKTHcv .amide 0= C-Phe-D-Trp-Lys-Thr-NHCHCONH 2 

CH2 . SCH 2 CH 2 



CH 2 CO.YWnKTCT 



CH,CO.YWnKTCT (CH 2 OH) 



0= C-Tyr-D-Trp-Lys-Thr-NHCHCO-Thr 
CH 2 . SCH 2 



0= C-Tyr-D-Trp-Lys-Thr-NHCHCO-Thr (CH 2 OH) 
C H 2 SCH 2 



CH.CO.YWnKTCT C Aem GC A cmamid6 

0==q-Tyr-D-Trp-Lys-Trtf-NHCHCO-Thr-Cys(Acm)-Gly-Cys(Acm) amide 

SCH 2 



=C-Tyi 
CHr 



CH,CO.FWnKTHcv 



0= C-Phe-D-Trp-Lys-Thr-NHCHCOOH 
CH 2 -SCH 2 CH 2 



CHoCO.YWnKTC amide 



rvr/o. f^-CH^F.YWnKV.Hcy 
CH^CO.FYWnKTFC .amide 



CH 2 CO.FFWnKTF.Hhc .amide 



0= C-Tyr-D-Trp-Lys-Thr-NHCHCO-NH 2 
CH 2 SCH 2 

^^/o^rH ^Phe-Tvr-D-Tr p-Lvs-Val-Hcv 

0=C-Phe-Tyr-D-Trp-Lys-Thr-Phe-NHCHCO-NH 2 
I 

CH 2 



_____ SCH 2 

0=q-Phe-Phe-D-Trp-Lys-Thr-Phe-NHCHCO-NH 2 
SCH 2 CH 2 CH 2 



=C-Ph( 
CH 2 



cvc/o. CYWnKVC cyclo Cvs-Tvr- p-Trp-Lvs-Val-Cys (cyclic peptide, not disulfide) 



19b 



Structures Depict hv Single-Letter Code Structures Depicted by Three-Letter Code 
CH 2 CO.FFWnKTFC .amide 0 =C-Phe-Phe-D^^ 



CH 2 



-SCH 2 



r >n (A^-rH^RYW.KV.K.fBAT) cyclop rHQPhe-Tyr-n-Trp-T ,ys-Val-Lys(BAT) 

ryW^ (Ar-CH^F.YWnKV.Hcv (CH 2 CO.K(s-K)GC.amide) 

n ,.^ ( M-rH 1 )Ph P -TYr-TvTr p-T.v S -Val-Hcv (CH 2 CO-Lys(E-Lys)-Gly-Cys-airu 

rvr/o (^-CH^RYWnKV.Hcv (CH 2 CO.CAcmGC A cm-amide) 

" n ,./o(A/-rH, )PhP.-Tvr-n-Tm-Lv S -Val-Hcv( CH 2 CO-Cys(Acm)-Gly^^ 

^/^ ■(^-CH^F.YWnKV.Hcv CCHiCO.CGCamide) 

n ,.^ ( ^-rw,)PhP-TYr-n-Tr r^Lv S -Val-Hcv( CH 2 CO-Cys-Gly-Cys-aniide) 

rvr/r>. W-CH^F.YWnKV.Hcv (CH 2 CO.CGC) 

^..^^-rH^PhP- XYr-n-Trp-Lvs-Val-Hcv fCHzCO-Cys-Gly-Cys) 

CH,CO.FFWnKTFC .(BAM) O=C-Phe-Phe-D-Trp-Lys-Thr-Phe-NHCHC0 (BAM) 

CH 2 scn 2 

o;r/^. f^-CH^F.YWnKV.Hcv (CH2CO.(s-K)GC.amide) 

. v .^ ( ^rw 1 )Ph P -TYr-n-Tr p-Lv S -Val-Hcv (CH2CO-(e-Lys)-Gly-Cys-arnide) 



rv^. W-CH^F.YWnKV.Hcv (CH 2 CO.GGC.amide) 

n ,.^ f A;.rH 7 )PhP-T Yr-n-Trp-Lv S -Val-Hcv (CH 2 CO- Gly -Gly-Cys-amide) 



20a 



S «nirt,m« Dieted b v Sinde-Letter Code Structures Depicted by Three-Utter Code 
rH-.ro.NFFWnKTFTC 0= C-Asn-Phe-Phe-D^^^ 



C H 2 SCH2 



rH : m.FFWnKTFC 0= C- Phe-Phe-D-Trp-Lys-Thr-Phe-NH CHCOOH 



CH 2 SCH2 



r.H 2 CO.FFWnKTFC(e-K)GC.amide 

0=C-Phe-Phe-D-Trp-Lys-Thr-Phe-NHCHCO-(e-Lys)-Gly-Cy^ 

CH 2 S(U 

rH ? CO.FFWnKTFCC AcmGC A cm.amide 

0=C-Phe-Phe-D-Trp-Lys-Thr-Phe-NHCHCO-Cys(Acm)-Gly-Cys(A^ 

CH 2 SCHz 

rH-.ro.FFWnKTF.Hcv 0= C- Phe-Phe-D-Trp-Lys-Thr-Phe-NH CHCOOH 



CH 2 



"SCH 2 CH 2 



CHoCO.YWnKTC 0= C-Tyr-D-Trr>Lys-Thr-NHCHCOOH 

CH 2 SCH 2 

CH,CO.YWnKT.Hcv .amide 0= C-Tyr-D-Trp-Lys-Thr-NHCHCOOH 

CH 2 SCH 2 CH 2 

CHaCO^DKTJJhc.TC CH 2 OH) 0= C-Tyr-D-Trp-Lys-Thr-NHCHCO-Thr(CH 2 OH) 

CHz SCH 2 CH 2 CH 2 

CH .CO.YW n KTCT GGC M obamide 



20b 
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As used herein, the following amino acids and amino acid analogues are intended to 
be represented by the following abbreviations: Ac is an acetyl group; ma is mercaptoacetic 
acid group; Aca is 6-aminocaproic acid; Hey is homocysteine; Hhc is homohomocysteine, 
which is (3-mercaptopropyl)glycine; Pen is penicillamine; Mob is the sulfhydrul protecting 

5 group 4-methoxybenzyl; Acm is the sulfhydryl protecting group acetamidomethyl; Aib is 
aminoisobutyric acid; Nal is 2-naphthylalanine; Ain is 2-aminoindan-2-carboxylic acid; Hly 
is homolysine; Achxa is 4-amino-cyclohexylalanine; Amf is 4-aminomethylphenylalanine; Aec 
is S-(2-aminoethyl)cysteine; Ape is S-(3-aminopropyl)cysteine; Aes is 0-(2-aminoethyl)serine; 
Aps is 0-(3-aminopropyl)serine; Abu is 2-aminobutyric acid; Nva is norvaline; Aca is 6- 

10 aminocaproic acid; F D is D-phenylalanine; W D is D-tryptophan; Y D is D-tyrosine; Cpa is L-(4- 
chlorophenyl)alanine; Thp is 4-amino-tetrahydrothiopyran-4-carboxylic acid; D-Nal is D-2- 
naphthylalanine; Dpg is dipropylglycine; and Nle is norleucine. All naturally-occurring amino 
acids are abbreviated using standard abbreviations (which can be found in G. Zubay, 
Biochemistry (2d. ed.), 1988 (MacMillen Publishing: New York) p.33. for the purposes of 

15 this invention, the naturally-occuring amino acids are characterized as lipophilic (alanine, 
isoleucine, leucine, methionine, phenylalanine, tyrosine, proline, tryptophan and valine, as 
well as 5-alkylated derivatives of cysteine), hvdrophilic (asparagine, glutamine, threonine, 
serine), acidic (glutamic acid and 'aspartic acid), basic (arginine, histidine and lysine). 
T(ch s oh) represents a threoninol residue, wherein the carboxyl group of the amino acid is 

20 reduced to a primary alcohol, incorporated into the peptide using the procedure of 
Neugebauer et al. (1990, Peptides: Proceedings of t hp. 11th American Peptide Symposium , 
pp. 1020r21). e-K is intended to represent a covalent linkage via the e-amino group on the 
sidechain of a lysine residue. Pic is picolinoyl (pyridine-2-carbonyl); Pica is picolylamine 
(2-(aminomethyl)pyridine); [BAT] represents W 6 ,W-ft«(2-mercapto-2-methylpropyl)-6,9- 

25 diazanonanoic acid; K.(BAT) and Lys.(BAT) represent the amino acid lysine, acylated at the 
e-amino group on the amino acid sidechain to [BAT]; [BAM] is (V,A^-^/5(2-mercapto-2- 
methylpropyl)-l,4,10-triazadecane; E.(BAM) and Glu.(BAM) represent the amino acid 
glutamic acid having a 7-amide linkage between the sidechain carboxylic acid group of 
glutamic acid and a [BAM]-derived primary amino group; [BAT-BM] is N-[2-(N',N'-bis(2- 
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maleimidoethyl)aminoethyl]-^-(/-butoxycarbonyl)-M,^-*/i(2-methyl-2- 

triphenylmethylthiopropyl)-6,9-diazanonanamide; [BAT-BS] is N-[2-(N',N'-bis(2- 
succinimidoethyl)aminoethyl]-A^,A/ 9 -W5(2-mercapto-2-methylpropyl)-6,9-diazanonanam 
[BMME] is Wj-maleimidomethylether; [BSME] is to-succinimidomethylether; and [DTPA] 
5 is diethylenetriaminepentaacetic acid. Hcy(alkyl group) is homocyteine, S-alkylated with the 
group in parenthesis. 

The convention used herein of representing by underlining a covalent bond between 
atoms and groups of atoms, such as the amino terminus and carboxyl terminus resulting in 
the cyclic peptides of the invention, or similar representations of covalent bonding between 

10 the sidechain sulfur atom of a cysteine residue or derivative thereof and an amino terminal 
acyl group or other residue will also be understood by those with skill in the art. The use 
of the term "cyclo" herein is intended to indicate that the peptide is cyclized by formation 
of a covalent bond between the atoms of the amino terminal substituted or unsubstituted 
amino group and the carboxyl terminus of the peptide. 

15 For the purposes of this invention the term "poly(^-carboxyalkyl)amine" in intended 

to describe a series of compounds exemplified by nitrilotriacetic acid, iminodiacetic acid, 
ethylenediaminetetraacetic acid (EDTA) and diethylenepentaacetic acid (DTPA). 

For the purposes of this invention the term "polyoxyanion" is intended to encompass 
sulfates, phosdphates, sulfonates, phosphonates like compounds. 

20 Somatostatin analogue peptides of the present invention can be chemically synthesized 

in vitro. Peptides of the present invention can generally advantageously be prepared on a 
peptide synthesizer. The peptides of this invention can be synthesized wherein the radiolabel- 
binding moiety is covalently linked to the peptide during chemical synthesis in vitro, using 
techniques well known to those with skill in the art. Such peptides covalently-linked to the 

25 radiolabel-binding moiety during synthesis are advantageous because specific sites of covalent • 
linkage can be determined. 

Radiolabel binding moieties of the invention may be introduced into the target 
somatostatin analogue peptides during peptide synthesis. For embodiments comprising 
picolinic acid [(Pic-); e.g., Pic-Gly-Cys(protecting group)-], the radiolabel-binding moiety can 

ALLEGRETTl & WITCOFF. Ltd 
10 SOUTH WACKEFt DRIVE 
CHICAGO. ILLINOIS 60606 
TELEPHONE (312) 715-1000 



10 



23 

be synthesized as the last (i.e., amino-terminal) residue in the synthesis. In addition, the 
picolinic acid-containing radiolabel-binding moiety may be covalently linked to the e-amino 
group of lysine to give, for example, aN(Fmoc)-Lys-6N[Pic-Gly-Cys(protecting group)], 
which may be incorporated at any appropriate position in the peptide chain. This sequence 
is particularly advantageous as it affords an easy mode of incorporation into the target 
somatostatin analogue peptide. 

Similarly, the picolylamine (Pica)-containing radiolabel-binding moiety [-Cys(protecting 
group)-Gly-Pica] can be prepared during peptide synthesis by including the sequence [- 
Cys(protecting group)-Gly-] at the carboxyl terminus of the peptide chain. Following 
cleavage of the peptide from the resin the carboxyl terminus of the peptide is activated and 
coupled to picolylamine. This synthetic route requires that reactive side-chain functionalities 
remain masked (protected) and do not react during the conjugation of the picolylamine. 

This invention also provides small synthetic peptides that ate somatostatin analogues 
and incorporate bisamine bisthiol (BAT) chelators that may be labeled with Tc-99m. 
15 This invention provides for the incorporation of these chelators into virtually any 

position in the peptide, via covalently linkage to any appropriate functional group of the 
peptide, except that the chelating moieties of the invention are not covalently linked to 
functional groups comprising the amino acid side chains of the amino acids B\ B 2 , B 3 or B\ 
In forming a complex of radioactive technetium with' the reagents of this invention, 
20 the technetium complex, preferably a salt of Tc-99m pertechnetate, is reacted with the reagent 
in the presence of a reducing agent. Preferred reducing agents are dithionite, stannous and 
ferrous ions; the most preferred reducing agent is stannous chloride. Means for preparing 
such complexes are conveniently provided in a kit form comprising a sealed vial containing 
a predetermined quantity of a reagent of the invention to be labeled and a sufficient amount 
25 of reducing agent to label the reagent with Tc-99m. Alternatively, the complex may be 
formed by reacting a reagent of this invention with a pre-formed labile complex of 
technetium and another compound known as a transfer ligand. This process is known as 
ligand exchange and is well known to those skilled in the art. The labile complex may be 
formed using such transfer ligands as tartrate, citrate, gluconate or mannitol, for example. 
30 Among the Tc-99m pertechnetate salts useful with the present invention are included the 
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alkali metal salts such as the sodium salt, or ammonium salts or lower alkyl ammonium salts. 

In a preferred embodiment of the invention, a kit for preparing technetium-labeled 
peptides is provided. An appropriate amount of the peptide reagent is introduced into a vial 
containing a reducing agent, such as stannous chloride, in an amount sufficient to label the 

5 peptide with Tc-99m. An appropriate amount of a transfer ligand as described (such as 
tartrate, citrate, gluconate or mannitol, for example) can also be included. The kit may also 
contain conventional pharmaceutical adjunct materials such as, for example, pharmaceutically 
acceptable salts to adjust the osmotic pressure, buffers, preservatives and the like. The 
components of the kit may be in liquid, frozen or dry form. In a preferred embodiment, kit 

10 components are provided in lyophilized form. 

Tc-99m labeled imaging reagents according to the present invention may be prepared 
by the addition of an appropriate amount of Tc-99m or Tc-99m complex into the vials and 
reaction under conditions described in Example 2 hereinbelow. 

Radioactively-labeled scintigraphic imaging agents provided by the present invention 

15 are provided having a suitable amount of radioactivity. In forming Tc-99m radioactive 
complexes, it is generally preferred to form radioactive complexes in solutions containing 
radioactivity at concentrations of from about 0.01 millicurie (mCi) to 100 mCi per mL. 

The imaging reagents provided by the present invention can be used for visualizing 
organs such as the kidney for diagnosing disorders in these organs, and tumors, in particular 

20 gastrointestinal tumors, myelomas, small cell lung carcinoma and other APUDomas, endocrine 
tumors such as medullary thyroid carcinomas and pituitary tumors, brain tumors such as 
meningiomas and astrocytomas, and tumors of the prostate, breast, colon, and ovaries can 
also be imaged. In accordance with this invention, the Tc-99m labeled peptide reagents are 
administered in a single unit injectable dose. The Tc-99m labeled peptide reagents provided 

25 by the invention may be administered intravenously in any conventional medium for 
intravenous injection such as an aqueous saline medium, or in blood plasma medium. 
Generally, the unit dose to be administered has a radioactivity of about 0.01 mCi to about 
100 mCi, preferably 1 mCi to 20 mCi. The solution to be injected at unit dosage is from 
about 0.01 mL to about 10 mL. After intravenous administration, imaging in vivo can take 

30 place in a matter of a few minutes. However, imaging can take place, if desired, in hours 
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or even longer, after the radiolabeled peptide is injected into a patient. In most instances, 
a sufficient amount of the administered dose will accumulate in the area to be imaged within 
about 0.1 of an hour to permit the taking of scintiphotos. Any conventional method of 
scintigraphic imaging for diagnostic purposes can be utilized in accordance with this 
5 invention. 

The somatostatin receptor-binding cyclic peptides and non-radioactive metal complexes 
of the cyclic peptide reagents of the invention may be used clinically as therapeutic agents 
to promote regression of certain types of tumors, particularly those that express somatostatin 
receptors. The somatostatin analogue cyclic peptides of the invention can also be used to 
10 reduce the hormonal hypersecretion that often accompanies certain cancers, such as the 
APUDomas. Peptides of the invention used as therapeutic agents may be administered by 
any appropriate route, including intravenous, intramuscular or by mouth, and in any 
acceptable pharmaceutical carrier, in doses ranging from about 0,1 to about 49 mg/kgbody 
weight/day. 

15 This invention also provides peptides radiolabled with cytotoxic radioisotopes such as 

rhenium-186 or rhenium-188 that may be used for radiotherapy of certain tumors as described 
above. For this purpose, an amount of radioactive isotope from about lOmCi to about 
200mCi may be administered vfa'any suitable clinical route, preferably by intravenous 
* injection. 

20 The methods for making and labeling these compounds are more fully illustrated in 

the following Examples. These Examples illustrate certain aspects of the above-described 
. method and advantageous results, and are shown by way of illustration and not limitation. 



25 



EXAMPLE 1 

Solid Phase Pe ptide Synthesis 

Solid phase peptide synthesis (SPPS) was carried out on a 0.25 millimole (mmole) 
scale using an Applied Biosystems Model 431A Peptide Synthesizer and using 9- 
30 fluorenylmethyloxycarbonyl (Fmoc) amino-terminus protection, coupling with 
dicyclohexylcarbodiimide/hydroxybenzotriazole or 2-(lH-benzotriazol-l-yl)-l, 1,3,3- 
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tetramethyluronium hexafluorophosphate/ hydroxybenzotriazole (HBTU/HOBT), and using p- 
hydroxymethylphenoxy-methylpolystyrene (HMP) resin for carboxyl-terminus acids or Rink 

amide resin for carboxyl-terminus amides. 

Where appropriate, the following amino acid derivatives were synthesized. 

5 Homocysteine was prepared by alkaline hydrolysis of L-homocysteine lactone. Threoninol 
residues, wherein the carboxyl group of the amino acid is reduced to a primary alcohol, can 
be introduced into the peptides of the invention where appropriate using the procedure of 
Neugebauer et al. (1990, v ^*- Proceeding of the 11th American Peptide Symposium , 
pp. 1020-21). Fmoc.Hcy(Trt) and Fmoc.Pen(Trt) were prepared from the appropriate amino 

10 acids by tritylation with triphenylmethanol in TFA, followed by Fmoc derivitization as 
described by Atherton et al. (1989, Solid Phase Peptide Synthesis, IRL Press: Oxford). 
Fmoc.homohomocysteine(Trt) was prepared by reducing MW-^-Boc-glutamic acid-a-methyl 
ester with borane-THF, followed by mesylation and reaction wiuYtrityl-mercaptide, followed 
by removal of the Boc groups with BF 3 OEt 2 in acetic acid, and then Fmoc derivitization as 

15 described above. />teny/-CH 2 CHBrCOOH was prepared by treating phenylalanine (in a 
solution of water and TFA/ saturated with NaBr) with sodium nitrite, followed by distillation 

to recover the pure product. 

Where appropriate, 2-chlbrbacetyl, 2-bromoacetyl and 2-bromo-3-phenylpropionyl 
groups were introduced either by using the appropriate 2-halo acid as the last residue coupled 
20 during SPPS, or by treating the N-terminus free amino acid peptide bound to the resin with 
either 2-halo acid/ diisopropylcarbodiimide/^-hydroxysuccinimide/NMP or 2-halo acid 
. . anhydride/ diisopropylethylamine/NMP. 

Where appropriate, HPLC-purified 2-haloacylated peptides were cyclized by stirring 
an 0.1-1.0 mg/mL solution in phosphate or bicarbonate buffer or dilute ammonium hydroxide 
25 (pH 8.0), optionally containing 0.5-1.0 mM EDTA, or acetonitrile or THF for 1-48 h 
followed optionally by acidification with acetic acid, lyophilization and HPLC purification. 

Where appropriate, [BAM] (^ t /v 4 -Wj(2-mercapto-2-methylpropyl)-l,4,10-triazadecane) 
was conjugated to the peptide by first activating the peptide carboxylate with a mixture of 
diisopropylcarbodiimide/ N-hydroxysuccinimide or HBTU/HOBt in DMF, NMP or methylene 
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chloride, followed by coupling in the presence of diisopropylethylamine. After coupling, the 
conjugates were deprotected as described above. 

Where appropriate, BSME adducts were prepared by reacting single thiol-containing 
peptides (5 to 50 mg/mL in DMF buffered to pH 7 with N-methylmorpholine or N-ethyl- 
5 morpholine, or 50mM sodium phosphate buffer, pH 7-8, optionally containing 0.5mM EDTA 
or DMF or THF or acetonitrile) with 0.5 molar equivalents of BMME (bis- 
maleimidomethylether) pre-dissolved in acetonitrile at room temperature for approximately 1- 
18 hours. The solution was concentrated and the product was purified by HPLC. 

Where appropriate, TSEA adducts were prepared by reacting single thiol-containing 
10 peptide (at concentrations of 10 to 100 mg/mL peptide in DMF buffered to pH 7 with N- 
methylmorpholine or N-ethylmorpholine, or 5 to 50 mg/mL peptide in 50mM sodium 
phosphate, pH 7-8, optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 
0.33 molar equivalents of TMEA (m5(2-maleimidoethyl)amine) pre-dissolved in acetonitrile 
or DMF, with or without 1 molar equivalent of triethanolamine, at room temperature for 
15 approximately l-18h. Such reaction mixtures containing adducts were concentrated and the 
adducts were then purified using HPLC. 

Where appropriate, BAT-BS (^-[2-(^',^'-i>w(2-succinimidoethyl)aminoethyl)]-iV 6 ,A/'- 
Wj(2-methyl-2-mercaptopropyl)-6,0-diazanonanamide) adducts were prepared by reacting single 
thiol-containing peptide (at concentrations of 2 to 50 mg/mL peptide in DMF buffered to pH 
20 7 with N-methylmorpholine or N-ethylmorpholine, or in 50mM sodium phosphate (pH 7-8), 
optionally containing 0.5mM EDTA or DMF or THF or acetonitrile) with 0.5 molar 
equivalents of BAT-BM (iV-[2-(^',/V'-Wj(2-maleimidoethyl)aminoethyl)]-A^-(f-butoxycarbonyl)- 
M,A/ 9 -ftw(2-methyl-2-triphenylmethylthiopropyl)-6,9-diazanonanamide) pre-dissolved in 
acetonitrile or THF, at room temperature for approximately l-18h. The solution was then 
25 evaporated to dryness and [BAT-BS]-peptide conjugates deprotected by treatment with lOmL 
TFA and 0.2mL triethylsilane for lh. The solution was concentrated, the product adducts 
precipitated with ether, and then purified by HPLC. 

Where appropriate, the [DTPA] moiety can be introduced using the method of Bakker 
et al (1991, Life Sci. 49_: 1583-1591, hereby incorporated by reference). 
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Where appropriate, peptide precursors were cyclized (between the amino- and 
carboxyl-termini) by reaction of the sidechain-protected, N-terminal free amine and C-terminal 
free acid with diphenylphosphorylazide. 

Resin-bound products were routinely cleaved using a solution of trifiuoroacetic acid 
5 or trifiuoroacetic acid and methylene chloride, optionally containing water, thioanisole, 
ethanedithiol, and triethylsilane, prepared in ratios of 100 : 5 : 5 : 2.5 : 2 for 0.5 - 3 h at 
room temperature. Crude peptides were purified by preparative high pressure liquid 
chromatography (HPLC) using a Waters Delta Pak C18 column and gradient elution using 
0.1% trifiuoroacetic acid (TFA) in water modified with acetonitrile. Acetonitrile was 
10 evaporated from the eluted fractions which were then lyophilized. The identity of each 
product was confirmed by fast atom bombardment mass spectroscopy (FABMS) or by 
electrospray mass spectroscopy (ESMS). 

Somatostatin analogues synthesized as provided herein, as well as the products of such 
synthesis identified by FABMS, are shown in Table I below. 

15 

EXAMPLE 2 
A General Method for Radiolabel ing with Tc-99m 
0.1 mg of a peptide prepared as in Example 1 was dissolved in 0.1 mL of water or 
50/50 ethanol/water or phosphate-buffered saline or 50 mM potassium phosphate buffer (pH 

20 =5, 6 or 7.4). Tc-99m gluceptate was prepared by reconstituting a Glucbscan vial (E.I. 
DuPont de Nemours, Inc.) with 1.0 mL of Tc-99m sodium pertechnetate containing up to 
200 mCi and allowed to stand for 15 minutes at room temperature. 25 /*1 of Tc-99m 
gluceptate was then added to the peptide and the reaction allowed to proceed at room 
temperature or at 100°C for about 15-30 min and then filtered through a 0.2 pm filter. 

25 The Tc-99m labeled peptide purity was determined by HPLC using the following 

conditions: a Waters Delta Pak RP-18, 5/z, 4.6mm x 220mm analytical column was loaded 
with each radiolabeled peptide, and the peptides eluted at a solvent flow rate equal to 1 
mL/min. Gradient elution was performed beginning with 100% solvent A (0.1% 
CF 3 COOH/H 2 0) and ending with 100% solvent B w (0.1% CF,COOH/90% CH 3 CN/H 2 0) over 

30 the course of 10-20 min. 
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Radioactive components were detected using an in-line radiometric detector linked to 
an integrating recorder. Tc-99m gluceptate and Tc-99m sodium pertechnetate elute between 
1 and 4 minutes under these conditions, whereas the Tc-99m labeled peptides eluted after a 
much greater amount of time, as illustrated in Table I below. 
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TABLE I 



Peptide 

ryrln W-CH^F. YWr.KV.Hcy 
CH.CO.FYW nKTFC .amide 



CH T CO . FFW P KTF . Hhc . amide 

cycto.CYWoKVC 

r H .ro . FFW P KTFC . amide 

ryrln (A/.rH,W . YWJKV ■ K(B AT) 

^ (V-rFr^F.YW.KV.Hcv fCHXO.Kre-^GC.amide) 

rvr/n f^-rH,tF.YW nKV,Hcy(CH,CO.C Aem GC Aen ,.amide) 

^7/> (A7-rH^FYW^KV.Hcv fCH,CO.CGC.amide) 

ryr7n W-CH^F.YW n KV.Hcv (CH,CO.CGC) 

rF LCO . FFWPKTFC HB AMI 

^r//i. W-CH^F.YW.KV.Hcv (CH,CO. (e-K)GC . amide) 
ryrto. W-CH^F.YW^KV.Hcv fCHnCO.GGC.amide) 

ryrln ( /V-CH-IF . YWr,K V . E (B AM) 
CH ? CO.NFFW P KTFTC 
r.H T rO.FFWrxKTFC 
rH T rO.FFWr,KTFC ('6-K')GC. amide 



rH T COFFW P KTF.Hcv 

CH T CO.YWrXTC 

CH T CO. YWr.KT.Hcv .amide 

CH ? CO.YW n KT.Hhc .T(CH,OH) 

C H T CO. YW^KTCT GGC^.amide 

CH.CO.YWpKT.Hhc 

D-pW/.CH ^HCO.YW ^KTC 

CH T CO.FW n KT.Pen 

CH,CO.FW.JCTHcv .amide 

CH -fCQ.YW r.KTCT 

CH T CO.YW.KTCT (CH,OH) 

CH 2 CI^YW D KT£TC Aeo GC Aem .amide 

CH T CO.FW.KTHcv 

CH^Q.YWr.KTC . amide 



MH+ 
FABMS 


RCY 


(mini 


855 






1033 






1046 






783 


98 1 


1 < A 1 

11.4 1 


1017 






1185 


90 1 


13.3, 


1328 


nd 


nd 


1318 


nd 


nd 


1176 


994 


16. 1 3 


1177 


994 


15.8, 


1322 


99 


18.8 


1201 


993 


15. 3 J 


1129 


98 4 


15,1, 


1171 


A St 1 

98 1 


12.3, 


1234 






1018 






1305 


994 


16.5 


1422 


99 


1 c 1 

15.1- 


1032 






740 






768 






855 






1178 






769 






830 






752 






737 






841 






828 






1246 


942 


16.6, 


738 






740 
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* The following labeling conditions were used with the appropriate peptides: 

1. The peptide is dissolved in water and labeled at room temperature. 
2 The peptide is dissolved in water and labeled at 100°C (15 min). 
3! The peptide is dissolved in 10% hydroxypropylcyclodextrin and labeled at room 
temperature. 

4. The peptide is dissolved in 50% ethanol/water and labeled at room temperature. 

** HPLC methods: 

general: solvent A =0.1% CF3COOH/H 2 0 

solvent B*. = 0.1% CF 3 COOH/90% CH 3 CN/H 2 0 
solvent flow rate = 1 mL/min 

15 Vydak column = Vydak 218TP54 RP-18, 5 M x 220mm x 4.6mm analytical column 

with guard column 

Waters column = Waters Delta-Pak C18, 5^m, 39 X 150mm 

Method 1: Waters column 100% A to 100% B*, in 10 min 
20 Method 2: Vydak column 100% A to 100% in 10 min 
Method 3: Waters column 100% A to 100% in 20 min 

Single-letter abbreviations for amino acids can be found in G. Zubay, Biochemistry (2d. ed.), 
1988 (MacMillen Publishing: New York) p.33; Ac = acetyl; Acm = acetamidomethyl; ma 

25 = mercaptoacetic acid; Mob = 4-methoxybenzyl; Aca = 6-aminocaproic acid; ffly - 
homolysine; Ape = L-[S-(3-amino P K>pyl)cysteine; F D = D-phenylalanine; W D = D-tryptophan; 
2Y D = D-tyrosine; Cpa = L-(4-chlorophenyl)alanine; Thp = 4-amino-tetrahydrothiopyran-4- 
carboxylic acid; D-Nal = D-2-naphthylalanine; Dpg = dipropylglycine; Nle = norleucine; 
Hey = homocysteine; Hhc = homohomocysteine; Pen = penicillamine; Aib = 

30 aminoisobutyric acid; Nal = 2-naphthylalanine; D-Nal = D-2-naphthylalanine; Am = 2- 
aminoindan-2-carboxylic acid; Achxa = 4-amino-cyclohexylalanine; Amf = 4-aminomethyl- 
phenylalanine; Aec = S-(2-aminoethyl)cysteine; Ape = S-(3-aminopropyl)cysteine; Aes = 
. 0-(2-aminoethyl)serine; Aps = 0-(3-aminopropyl)serine; Abu = 2-aminobutync acid; Nva 
= norvaline; T(ch 2 oh) = threoninol (on which the carboxylic acid moiety has been reduced 

35 to a primary alcohol); c-K = a lysine residue in a peptide in which the peptide bond 
involves the c-amino group on the lysine sidechain rather than the a-amino group; Pic = 
picolinoyl (pyridine-2-carbonyl); Pica = picolylamine (2-(aminomethyl)pyridine); BAT = 
N 6 A^j(2-mercapto-2-methylpropyl)-6,9-diazanonanoic acid; BAT acid (protected) = JV-(/- 
butoxycarbonyl)-AV-ta(2-methyl-2-tripheny^ 

40 = JV*,iV , -*i^-mercaptD-2-methylpropyl)-l,4 f 10-lriazadecane; BAM (protected) - AF-(/- 
butoxycarbonylWv\^Wj(2-memyl-2-tripheny^^ [BAT- 
BM]=/vH2-(A^Ar-Z>/s(2-maleimid<>ethyl)aminre^ 

2-triphenylmethylthiopropyl)-6,9-diazanonanamide; [BAT-BS] = N-[2-(A^',Ar'-*w(2- 
succinimidoethyl)aminoethyl]-^,^-fc/j(2-mercapto-2-methylpropyl)-6,9-diazanonanamide; 
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[BMME] = ta-maleimidomethylether; [BSME] = Ws-succinimidomethylether; [DTPA] = 
diethylenetriaminepentaacetic acid. 

5 

EXAMPLE 3 

Inhibition of Binding of [ 1J5 I-Tyr"]somatostatin-14 
tn AR42.T Rat Pancreatic Tumor Cell Membranes 

10 The ability of various somatostatin analogues of the invention to bind to somatostatin 

receptors in vitro was demonstrated by assaying the ability of such analogues to inhibit 
binding of a radiolabeled somatostatin analogue to somatostatin receptor-containing cell 
membranes. The rat pancreatic tumor cell line AR42J which expresses the somatostatin 
receptor was cultured in Dulbecco's minimal essential media (DMEM) supplemented with 

15 10% fetal bovine serum (FBS) and 8mM glutamine in a humdified 5% C0 2 atmosphere at 
37°C in T-flasks. Harvested cells were homogenized in cold 50mM Tris-HCl buffer (pH 
7.4) and the homogenate then centrifuged at 39,000g for lOmin at 4°C. Pellets were washed 
once with buffer and then resuspended in an ice-cold solution of lOmM Tris-HCl (pH 7.4). 
Equal aliquots of this cell membrane preparation were incubated with [ ,25 I-Tyr"]somatostatin- 

20 14 (at a final concentration of 0.5nM and 750,OO0cpm/mL, at a specific activity of 
2000Ci/mmol, Amersham, Arlington Heights, IL) and peptide or peptide-rhenium complex 
at a final concentration of from 10" U M to 10*M in a solution of 50mM HEPES (pH 7.4) 
containing 1% bovine serum albumin (BSA), 5mM MgCl 2 , Trasylol (200,000 International 
Units), bacitracin (0.02mg/mL) and phenylmethylsulfonylfluoride (0.02mg/mL) for 25min at 

25 30°C. Using a filtration manifold, this mixture was filtered through a polyethyleneimine- 
washed GC/F filter (Whatman, Maidstone, England), and the residue remaining on the filter 
washed thrice with 5mL cold HEPES buffer. The filter and a sample of the filter washings 
were then counted in a gamma counter. To assess non-specific binding, the assay was 
performed in the presence of unlabeled somatostatin-14 at 200nM. Data analysis including 

30 Hill plots of the data provided inhibition constants (see Bylund & Yamamura, "Methods of 
receptor binding", in Methods in Neurotransmitter Recept or Analysis. Yamamura et al, eds., 
Raven Press: New York, 1990). 
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These results are presented in the following Tables. The data show that the peptides 
of the instant invention have a high affinity of binding for somatostatin receptors. 

TABLE H 



fRe=01-complexed Peptides 


MH + 


(nM) 


ryWofV-rH^F.YW.KV.HcvrcaCO.K^GC.amide) 


1529 


0.51 


rvrMfW-r.H^F.YW.KV.HcvrcH,CO.GGC.amide) 


1330 


0.59 


CH 7 CO.FFW r KTFCC,_GC._amide 


1480 


0.67 


rvr7nr^-CH^F.YW^CV.HcvfCH,CO.(e-K)GC.amide) 


1401 


0.92 


rvrln. (N-CH,XF. W^KV.Hcv(CH,CO.CGC.amide) 


1375 


1.7 


CHtCO.FFWdKTFC/c-IQGC 


1506 


5.9 
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TABLE HI 



10 



15 



20 



25 



Peptide 

/yrfo. fl^CH^F.YW nKV.Hcy. 

^H : CO.FYW ^TFC.amide 

rH ? CO.FFW r KTF.Hhc .amide 

cyc/o. CYWpKVC 

CH.CO.FFW nKTFC.amide 

^. W-CH^F.YWnKV.K.rBATI 

ryr/n. W-CH^F.YW n KV.Hcy(CH,CO.K(£-K)GC.amide) 

rvr/o W-CH^F.YW nKV.H£y(CH,CO.C Aem GC Acm .amide) 

ryrln. W-CH,1F. YW„KV .Hcv (CH,CO. CGC .amide) 

ryrln (AlPH^F. VW~KV.Hcv (CH,CO.CGC) 
CH ? CO.FFWnKTFC . [BAM] 

ryrln W-CH^F.YW nKV.Hcy(CH 7 CO.(e-K)GC.amide) 
^/-/^ (^-rH ^F.YW.KV.Hcv (CH,CO.GGC.amide) 
^r/n r^-CH^F. YW^KV.E .rBAMI 
CH .CO.NFFW nKTFTC 
CH : CO.FFW nKTFC 
CH 7 CO.FFW n KTFC(e-K)GC. amide 
CH ,CO.FFW^KTFC C^GC,.„.amide 
CH .CO.FFWpKTF.Hcy = 



CnM) 
< 0.01 
0.16 
0.41 
0.43 
0.45 
0.46 
0.65 
0.79 
1.5 
1.8 
1.9 
2.0 
2.4 
2.6 
2.7 
4.0 
5.2 
7.5 
9.8 



It should be understood that the foregoing disclosure emphasizes certain specific 
embodiments of the invention and that all modifications or alternatives equivalent thereto are 
within the spirit and scope of the invention as set forth in the appended claims. 
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What is claimed is: 

1. A composition of matter comprising a somatostatin receptor-binding peptide 
having the formula: o „/ H 

Z (CR 7 R 8 ) (CR 5 R 6 ) P 



10 



wherein R 1 , R 2 , R 5 and R 6 are independently H, lower alkyl or substituted alkyl, aryl 
or substituted aryl; 

r 3 and R 4 are each independenUy H, lower alkyl or substituted alkyl, aryl or 
substituted aryl, or wherein either R 3 or R 4 is X 1 ; 
15 A' and C 3 are independently a bond or a D- or L-amino acid; 

A 2 , A 3 and C 1 are each independently a bond or a lipophilic D- or L-amino 
acid; 

B 1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or substituted 
derivatives thereof; 
20 B 7 is D- or L-Trp or substituted derivatives thereof; 

B 3 is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or substituted 
derivatives thereof; 

B 4 is Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva or Aib; 
C 2 is a bond or D- or L-Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva, Nal 
25 or Aib or substituted derivatives thereof; 

X' is N(R ,0 ) 2 , wherein each R 10 is independently hydrogen, lower alkyl or 
substituted lower alkyl, aryl or substituted aryl or substituted with a hydrophilic 
moiety of less than about 1500 daltons; 

X 2 is -COOR 9 , -CH 2 OH, CH 2 COOR 9 , or -CONfR 9 ^, where each R 9 is 
30 independently H, lower linear or cyclic alkyl or substituted derivatives thereof, 

or substituted with a hydrophilic moiety of less than about 1500 daltons; 
m is 0, 1, 2 or 3; 
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p is 0, 1 or 2; 

R 7 and R 8 are independently H, lower alkyl or substituted lower alkyl, or 
either R 7 or R 8 are -COOH or CO.N(R 10 ) 2 or -COOR 12 , or R 7 and R 8 together 
comprise O; 

5 R n is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; 

Z is S, O, NR 13 , NR I3 NR 13 , NR 13 .CO.NR ,J , S0 2 , NR ,3 S0 2 or S=0; 
R 13 is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; 
wherein when Z is NR 13 , R 7 and R 8 do not together comprise an oxygen atom; 

or having the formula: 
10 cyc/o-A 4 -B , B 2 B 3 B 4 -C 4 - 

wherein B' is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or substituted 
derivatives thereof; 

B 2 is D>- or L-Trp or substituted derivatives thereof; 

B 3 is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or substituted 
15 derivatives thereof; 

B 4 is Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva or Aib; 

C 4 is an L-amino acid having a sidechain comprising a mercapto group; 

A 4 is a lipophilic D-amino acid or a lipophilic L-(a-W-alkyl) amino acid or L- 

proline or substituted derivatives thereof; 
20 wherein the moiety is a cyclic peptide moiety having an amino terminus of A 4 and a carboxyl 
terminus of C 4 that are covalently linked. 

2. The peptide of Claim 1 wherein X' is an amino acid or a peptide sequence 
comprising 10 or fewer amino acids, or a monosaccharide or oligosaccharide comprising 10 
or fewer saccharide units, or a poly(N-carboxyalkyl)amine or a poly-oxy" anion, and X 2 is a 

25 poly(^-carboxyalkyl)amine or with a polyoxy-anion, or an amino acid or a peptide having 
an amino acid sequence of no more than 10 residues, or a monosaccharaide or 
oligosaccharide comprising 10 or fewer saccharide units. 

3. The somatostatin receptor-binding peptide of Claim 1 wherein B l is 
phenylalanine or tyrosine, B 2 is D-tryptophan, B 3 is lysine and B 4 is threonine or valine. 

30 4. The composition of matter of Claim 1 further comprising a polyvalent linking 
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moiety that is covalently linked to a multiplicity of the somatostatin receptor-binding peptides 
to form a multimeric polyvalent somatostatin receptor binding agent, wherein the molecular 
weight of the multimeric polyvalent somatostatin receptor binding agent is less than about 
20,000 daltons. 

5 5. The reagent of Claim 4 wherein the polyvalent linking moiety is bis- 

succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-[2-(N',N'-bis(2- 

rocciniinidoe^ 

fm(succinimidylethyl)amine or a derivative thereof. 

6. The composition of matter according to Claim 1 wherein the somatostatin 
10 receptor-binding peptide is chemically synthesized in vitro. 

7. The composition of matter according to Claim 6 wherein the somatostatin 
receptor-binding peptide is synthesized by solid phase peptide synthesis. 

8. A method for alleviating a somatostatin-related disease in an animal comprising 
administering a therapeutically effective amount of the somatostatin receptor binding peptide 

15 of Claim 1 to the animal. 

9. The method of Claim 8 wherein the animal is a human. 

10. A composition of matter comprising a reagent comprised of a somatostatin 
receptor-binding peptide having tne'formula: 



20 



25 



30 



R'CCR^-tC^R^.n-CO-A'A^B'B^^C'^C^CR^-X 2 
I 

Z (CR 7 R 8 ) (CR 5 RV 

wherein R\ R 2 , R 5 and R 6 are independently H, lower alkyl or substituted alkyl, aryl 
or substituted aryl; 

R J and R 4 are each independently H, lower alkyl or substituted alkyl, aryl or 

substituted aryl, or wherein either R J or R 4 is X 1 ; 

A 1 and C 3 are independently a bond or a D- or L-amino acid; 

A 2 , A 3 and C 1 are each independently a bond or a lipophilic D- or L-amino 

acid; 
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B 1 is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or substituted 
derivatives thereof; 

B 2 is D- or L-Trp or substituted derivatives thereof; 

B 3 is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or substituted 

5 derivatives thereof; 

B 4 is Thr, Ser, Val, Phe, lie, Abu, Nle, Leu, Nva or Aib; 

C 2 is a bond or D- or L-Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva, Nal 

or Aib or substituted derivatives thereof; 

X 1 is N(R 10 ) 2 , wherein each R'° is independently hydrogen, lower alkyl or 
10 substituted lower alkyl, aryl or substituted aryl or substituted with a hydrophilic 

moiety of less than about 1500 daltons;* 

X 2 is -COOR', -CH 2 OH, CH 2 COOR 9 , or -CON(R% where each R 9 is 
independently H, lower linear or cyclic alkyl or substituted derivatives thereof, 
or substituted with a hydrophilic moiety of less than about 1500 daltons; 
15 m is an integer that is 0, 1, 2 or 3; 

p is an integer that is 0, 1 or 2; 

R 7 and R* are independently H, lower alkyl or substituted lower alkyl, or 
either R 7 or R 8 are -CbOH or -CO.N(R ,0 ) 2 or -COOR 12 , or R 7 and R 8 together 
comprise O; 

20 R' 2 is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; 

Z is a bond, S, O, NR» NR 13 NR 13 , NR ,3 .CO.NR 13 , S0 2 , NR l3 S0 2 or S=0; 
R' 3 is hydrogen, lower alkyl or substituted lower alkyl, aryl or substituted aryl; 
or having the formula: 

cyc/o-A'-B'B'B^-C 4 - 

25 wherein B l is D- or L-Phe or D- or L-Tyr or D- or L-Nal or Ain or substituted 

derivatives thereof; 

B 2 is D- or L-Trp or substituted derivatives thereof; 

B 3 is D- or L-Lys or Hly, Achxa, Amf, Aec, Ape, Aes, Aps or substituted 
derivatives thereof; 

30 B 4 is Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva or Aib; 
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C 4 is an L-amino acid; 

A 4 is a lipophilic D-amino acid or a lipophilic L-(a-iV-alkyl) amino acid or L- 
cysteine or L-proline or substituted derivatives thereof; 
wherein the moiety is a cyclic peptide moiety having an amino terminus of A 4 and a carboxyl 

5 terminus of C 4 that are covalently linked; 

and wherein the somatostatin receptor-binding peptide is covalently linked to a radiolabel- 
binding moiety, wherein the radiolabel-binding moiety is not covalently linked to the moieties 
B\ B 2 , B 3 , B 4 or A 4 of the peptide. 

11. The reagent of Claim 10 wherein X 1 is an amino acid or a peptide sequence 

10 comprising 10 or fewer amino acids, or a monosaccharide or oligosaccharide comprising 10 
or fewer saccharide units, or a poly(tf-carboxyalkyl)amine or a poly-oxy anion and X 2 is a 
poly(Mcarboxyalkyl)amine or a polyoxy-anion, or an amino acid or a peptide having an 
amino acid sequence of no more than 10 residues, or a monosaccharide or oligosaccharide 
comprising 10 or fewer saccharide units. 

15 12. The somatostatin receptor-binding peptide of Claim 10 wherein B 1 is 

phenylalanine or tyrosine, B 2 is D-tryptophan, B 3 is lysine and B 4 is threonine or valine. 

13. The reagent of Claim 10 wherein the reagent further comprises a polyvalent 
linking moiety covalently linked to '^multiplicity of the somatostatin receptor binding peptides 
and also covalently linked to a multiplicity of radiolabel-binding moieties to comprise a 

20 reagent for preparing a multimeric polyvalent somatostatin receptor binding reagent, wherein 
the molecular weight of the multimeric polyvalent somatostatin receptor binding reagent is 

less than about 20,000 daltons. 

14. The reagent of Claim 13 wherein the polyvalent linking moiety is bis- 
succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, • N-[2-(N',N'-bis(2- 

25 succinimidoethyl)aminoethyl)]-M,^ 9 -Z>/j(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide, 

m"j(succinimidylethyl)amine or a derivative thereof. 

15. A scintigraphic imaging agent comprising the reagent of Claim 10 radiolabeled 

with technetium-99m. 

16. A scintigraphic imaging agent comprising the reagent of Claim 10 radiolabeled 
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with indium-Ill, gallium-67 or gallium-68. 

17. A scintigraphic imaging agent comprising the somatostatin receptor binding 
peptide of Claim 1 radiolabeled with iodine- 123 or iodine- 125. 

18. A radiotherapeutic agent comprising the reagent of Claim 10 radiolabeled with 
5 a cytotoxic radioisotope selected from the group consisting of scandium-47, copper-67, 

gallium-72, yttrium-90, samarium-153, gadolinium-159, dysprosium-165, holmium-166, 
ytterbium-175, lutetium-177, rhenium-186, rhenium-188, and bismuth-212. 

19. A radiotherapeutic agent comprising the somatostatin receptor binding peptide 
of Claim 1 radiolabeled with iodine-125, iodine-131 or astatine-131. 

10 20. A complex formed by reacting the reagent of Claim 10 with technetium-99m 

in the presence of a reducing agent. 

21. The complex of Claim 20, wherein the reducing agent is selected from the 
group consisting of a dithionite ion, a stannous ion and a ferrous ion. 

22. A complex formed by labeling the reagent of Claim 10 with technetium-99m 
15 by ligand exchange of a prereduced technetium-99m complex. 

23. A composition of matter comprising the reagent of Claim 10 and a stannous 

ion. 

24. A kit for preparing '• ^'radiopharmaceutical preparation, said kit comprising a 
sealed vial containing a predetermined quantity of the reagent of Claim 10 and a sufficient 

20 amount of reducing agent to label the reagent with technetium-99m. 

25. A method for labeling a reagent according to Claim 10 comprising reacting the 
reagent with technetium-99m in the presence of a reducing agent. 

26. The method of Claim 25, wherein the reducing agent is selected from the 
group consisting of a dithionite ion, a stannous ion and a ferrous ion. 

25 27. A method for imaging a site within a mammalian body comprising 

administering an effective diagnostic amount of the reagent of Claim 15 and detecting the 
technetium-99m localized at the site in the mammalian body. 

28. The reagent according to Claim 10 wherein the somatostatin receptor-binding 

peptide is chemically synthesized in vitro. 
30 29. The reagent according to Claim 28 wherein the somatostatin receptor-binding 
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peptide is synthesized by solid phase peptide synthesis. 

30. The reagent according to Claim 28 wherein the radiolabel-binding moiety is 
covalently linked to the somatostatin receptor-binding peptide during in vitro chemical 
. synthesis. 

5 31. The reagent according to Claim 30 wherein the radiolabel-binding moiety is 

covalently linked to the somatostatin receptor-binding peptide during solid phase peptide 
synthesis. 

32. The reagent of Claim 10 wherein the radiolabel-binding moiety having the 
formula: 

10 C(pgp) s -(aa)-C(pgp) s 

wherein (pgp) s is H or a thiol protecting group and (aa) is an amino acid; 

A-CZ(B)-[C(R'R")] n -X 

15 

wherein A is H, HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC or R""; 
B is H, SH, -NHR'", -N(R"')-(peptide), or R""; 
20 X is H, SH, -NHR'", -N(R"')-(peptide) or R""; 

Z is H or R""; 

R\ R", R'" and R"" are independently H or lower straight or branched 
25 chain or cyclic alkyl; 

n is 0, 1 or 2; 

and 

30 where B is -NHR'" or -N(R"')-(peptide), X is SH, and n is 1 or 2; 
where X is -NHR'" or -N(R"')-(peptide), B is SH, and n is 1 or 2; 

where B is H or R"", A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC, X is SH, and 
35 n is 0 or 1; 

where A is H or R"", then where B is SH, X is -NHR'" or -N(R"')-(peptide) and where 
X is SH, B is -NHR'" or -N(R"')-(peptide); 



ALLEGRETTI & WITCOFF. Ltd 
10 SOUTH W ACKER DRIVE 
CHICAGO. ILLINOIS 60606 
TELEPHONE (312) 715-1000 



42 



where X is H or R"'\ A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC and B is SH; 
where Z is methyl, X is methyl, A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC, B 
is SH and n is 0; 

5 where B is SH and X is SH, n is not 0; 

and wherein the thiol moiety is in the reduced form; 



10 




-CO - (amino acid) - cysteine - CO - 



SX 



- HN - cysteine - (amino acid) - NH - CH 2 - 



SX 




15 



wherein 



X = H or a protecting group; 
(amino acid) = any amino acid; 



. (CR 2 ) n 
/ \ 
NH N-A-CO-peptide 

/ \ 



20 



S-(pgp) s S-(pgp) s 



25 



wherein 



each R is independently H, CH 3 or C 2 H 5 ; 

each (pgp) s is independently a thiol protecting group or H; 

m, n and p are independently 2 or 3; 

A = linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or 
substituted derivatives thereof; 



or 
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(CR*). 

NH X N-A-CH(V)NHR' 

(CR^ (CR^p 
SH SH 
5 wherein each R is independently H, CH 3 or C 2 H 5 ; 

m, n and p are independently 2 or 3; 

A = linear or cyclic lower alkyl, aryl, heterocyclyl, combinations or 

substituted derivatives thereof; 

V = H or -CO-peptide; 
10 R' = H or peptide; 

and wherein when V = H, R' = peptide and when R' = H, V = -CO-peptide; 
wherein each R is independently H, lower alkyl having 1 to 6 carbon atoms, phenyl, or 
phenyl substituted with lower alkyl or lower alkoxy, and wherein each n is independently 1 
or 2 

15 33. The reagent of Claim 32 wherein the cysteine of the radiolabel-binding moiety 

having formula 

C(pgp) s -(aa)-C(pgp) s 
has a protecting group of the formbla 

-CH 2 -NH-CO-R 

20 wherein R is a lower alkyl having 1 to 6 carbon atoms, 2-,3-,4-pyridyl, phenyl, or phenyl 
substituted with lower alkyl, hydroxy, lower alkoxy, carboxy, or lower alkoxycarbonyl. 

34. The reagent of Claim 32 wherein the radiolabel-binding moiety C(pgp) s -(aa)- 
C(pgp) s has the formula: 

CH 2 SCH 2 NHCOCH 3 - 
25 -HN-CH-CO-NH-CH 2 -CO-NH-CH-CO- 

CH 2 -S-CH 2 -NHCOCH 3 

35. A scintigraphic imaging agent that is the reagent of Claim 32 radiolabeled with 
technetium-99m. 

36. A complex formed by reacting the reagent of Claim 32 with technetium-99m 
30 in the presence of a reducing agent. 
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37. The complex of Claim 36, wherein the reducing agent is selected from the 
group consisting of a dithionite ion, a stannous ion and a ferrous ion. 

38. A complex formed by labeling the reagent of Claim 32 with technetium-99m 
by ligand exchange of a prereduced technetium-99m complex. 

5 39. A composition of matter comprising the reagent of Claim 32 and a stannous 

ion. 

40. A kit for preparing a radiopharmaceutical preparation, said kit comprising a 
sealed vial containing a predetermined quantity of the reagent of Claim 32 and a sufficient 
amount of reducing agent to label the reagent with technetium-99m. 
IQ 41. A method for labeling a reagent according to Claim 32 comprising reacting the 

reagent with technetium-99m in the presence of a reducing agent. 

42. The method of Claim 41, wherein the reducing agent is selected from the 
group consisting of a dithionite ion, a stannous ion and a ferrous ion. 

43. A method for imaging a site within a mammalian body comprising 
15 administering an effective diagnostic amount of the reagent of Claim 35 and detecting the 

technetium-99m localized at the site in the mammalian body. 

44. The reagent according to Claim 32 wherein the somatostatin receptor-binding 
peptide is chemically synthesized iA vitro. 

45. The reagent according to Claim 44 wherein the somatostatin receptor-binding 
20 peptide is synthesized by solid phase peptide synthesis. 

46. The reagent according to Claim 44 wherein the radiolabel-binding moiety is 
covalently linked to the somatostatin receptor-binding peptide during -in vitro chemical 
synthesis. 

47. The reagent according to Claim 46 wherein the radiolabel-binding moiety is 
25 covalently linked to the somatostatin receptor-binding peptide during solid phase peptide 

synthesis. 

48. The reagent of Claim 32 wherein the reagent further comprises a polyvalent 
linking moiety covalently linked to a multiplicity of the somatostatin receptor binding peptides 
and also covalently linked to a multiplicity of radiolabel-binding moieties to comprise a 

30 reagent for preparing a multimeric polyvalent somatostatin receptor binding reagent, wherein 
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10 
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20 
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35 



the molecular weight of the multimeric polyvalent somatostatin receptor binding reagent is 

less than about 20,000 daltons. 

49. The reagent of Claim 48 wherein the polyvalent linking moiety is bis- 
succinimidylmethylether, 4-(2,2-dimethylacetyl)benzoic acid, N-[2-(^',^'-t/5(2- 
succinimidoethyl)aminoethyl)]-^,^-ft«(2-methyl-2-mercaptopropyl)-6,9-diazanonanamide, 

/m(succinimidylethyl)amine or a derivative thereof. 

50. A composition of matter comprising the peptide of Claim 1 selected from the 
group consisting of somatostatin receptor binding peptides having the formula: 

cycfo-(JV-CH 3 )FYW D KV.Hcy 

CH ; CO.FYW nKTFC.amide 

CH-,CO.FYW P KTF.Hhc . amide 

cyc/o- CYWpKVC 

CH -.CO . FFWpKTFC . amide 

CH ^CQ.FFWpKTFC 

cyc/o-(Ar-CH 3 )FYW D KV.K 



cyc/o-^-CHjJFYWDKV.HcyXCHzCO.GGC.amide) 
cyc/o-(^-CH 3 )FYW D KV.Hcy(CH 2 CO.K.(e-k).GC.amide) 
cyc/o-(A r -CH 3 )FYW D KV.Hcy(CH 2 CO.(e-K).GC.amide) 
cyc/o-(N-CH 3 )FYW D KV.Hcy(CH 2 CO.C Acn GC Acro .amide) 
<ryc/o-(MCH 3 )FYW D KV.Hcy(CH 2 CO.CGC.amide) 
cyc/o-(MCH 3 )FYW D KV.Hcy(CH 2 CO.GGC.amide) 
cyc/o-(N-CH 3 )FYW D KV.Hcy(CH 2 CO.CGC) 
cyc/o-(^-CH 3 )FYW D KV.E 
CH.CO NFFWoKTFTC 
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10 



15 
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30 



35 



CHfCO.FFW nKTFC 

CH ? CO.FFW n KTFC.(f-K).GC.amide 

CH 7 CO.FFW nKTFC.C Agm GC Acm .amide 

r.H 7 CO.FFW.KTF.Hcv 

CH.CO.YW.KTC 

rw T mYW r KT.Hcv .amide 

rH .ro. YW^KT.Hhc .T(CH,OH) 

CH 2 CiLYW D KICTGGC Mob .amide 

rH T rn vw r KTF.Hhc 

n-ph0nyl.CH .CHCO. YW^KTC 
CH^O.FWpKT.Pen 
CH 2 CO.FW P KT.Hcv 
rH T m.FW P KT.Hcv .amide 



C!H T CO.YW^KTC .amide 

rH T CO. YW^KTCT 

C H 7 CO. YW.KTCT (CH,OH) 

CH ? CO.YW n KTCT .C^GC^.amide 

CH 7 CO.FW.KTC. 

rH,CO.FW.KTC 

51. A composition of matter comprising the reagent of Claim 10 selected from the 
group consisting of reagents having the formula: 

cvc/o- CYWpKVC 

CH 7 CO.FFWJCTFC .rBAM1 
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cyc/o-(iV-CH3)FYW D KV.K. [BAT] 
cyc/o-(Ar-CH 3 )FYW D KV.Hcy(CH 2 CO.GGC.amide) 
5 cyc/o-(^-CH 3 )FYW D KV.Hcy(CH 2 CO.K.(e-K).GC.amide) 
cyc/o-(Ar-CH 3 )FYW D KV.Hcy(CH 2 CO.(6-K).GC.amide) 
cycto-(N-CH3)FYW D KV.Hcy(CH 2 CO.C Acm GC Aem .amide) 

10 

cyc/o-(N-CH 3 )FYW D KV.Hcy(CH 2 CO.CGC.amide) 
cyc/a-(N-CH 3 )FYW D KV.Hcy(CH 2 CO.GGC.amide) 
15 cydo-(//-CH 3 )FYW D KV.Hcy(CH 2 CO.CGC) 
cyc70-(N-CH 3 )FYW D KV.E. [BAM] 
CHiCO . FFW n KTFC . (e-IQ . GC . amide 

20 

CH-.CO . FFW nKTFC . C Am G C Apm . amide 
CH 7 CO. YW n KTCTGGC„^.amide 

25 CH 2 CiLYW D KTCT.C Acin GC Acm .amide 

52. A radiotherapeutic agent that is the reagent of Claim 32 radiolabeled with 
rhenium-186 or rhenium-188 in the presence of a reducing agent. 

53. The radiolabeled radiotherapeutic agent of Claim 52 wherein the reducing agent 
is selected from the group consisting of a dithionite ion, a stannous ion and an ferrous ion. 

30 . 54. A kit for preparing a radiopharmaceutical preparation of the radiotherapeutic 
agent comprising a sealed vial containing an amount of the reagent of Claim 32 and a 
sufficient amount of a reducing agent to radiolabel the reagent with rhenium- 186 or rhenium- 
188. 

55. The composition of matter of Claim 5 1 radiolabeled with a radioisotope selected 
35 from the group consisting of gallium-68, technetium-99m, indium-Ill, and iodine- 123. 

56. The composition of matter of Claim 51 radiolabeled with a radioisotope selected 
from the group consisting of scandium-47, copper-67, gallium-72, yttrium-90, iodine-125, 
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iodine-131, samarium-153, gadoliniutn-159, dysprosium-165, holmium-166, ytterbium- 175, 
lutetium-177, rhenium-186, rhenium-188, astatine-211, bismuth-212 and astatine-131. 

57. A method for alleviating a somatostatin-related disease in an animal comprising 
administering a therapeutically effective amount of the composition of matter of Claim 50 to 

5 the animal. 

58. The method of Claim 57 wherein the animal is a human. 

59. A method for alleviating a somatostatin-related disease in an animal comprising 
administering a therapeutically effective amount of the composition of matter of Claim 56 to 
the animal. 

10 60. The method of Claim 59 wherein the animal is a human. 

61. The method of Claim 59 wherein the therapeutically effective amount of the 
composition administered to the animal is an amount from about 10 to about 200 milliCuries 
of the radiolabeled composition. 

62. A pharmaceutical composition comprising the radiolabeled radiotherapeutic of 

15 Claim 56 in a pharmaceutically acceptable carrier. 

63. A composition of matter comprising a complex formed by reacting the reagent 
of Claim 10 with a non-radioactive metal. 

64. The complex of Claim 63 wherein the non-radioactive metal is rhenium. 

65. A composition of matter comprising a complex formed by reacting the reagent 
20 of Claim 13 with a non-radioactive metal. 

66. A composition of matter comprising a complex formed by reacting the 
scintigraphic imaging agent of Claim 15 with a non-radioactive metal. 

67. A composition of matter comprising a complex formed by reacting the 
scintigraphic imaging agent of Claim 16 with a non-radioactive metal. 

25 68. A composition of matter comprising a complex formed by reacting the 

scintigraphic imaging agent of Claim 17 with a non-radioactive metal. 

69. A composition of matter comprising a complex formed by reacting the 
radiotherapeutic agent of Claim 18 with a non-radioactive metal. 

70. A composition of matter comprising a complex formed by reacting the 
30 radiotherapeutic agent of Claim 19 with a non-radioactive metal. 
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71. The reagent of Claim 10 radiolabeled with technetium-99m, indium-Ill, 

gallium-67 or gallium-68. 

72. The peptide of Claim 1 radiolabeled with iodine-123, iodine-125, iodine-131 

or astatine-211. 

5 73. The reagent of Claim 10 radiolabeled with a radioisotope selected from the 

group consisting of scandium-47, copper-67, gallium-72, yttrium-90, iodine-125, iodine-131, 
samarium-153, gadolinium-159, dysprosium- 165, holmium-166, ytterbium-175, lutetium-177, 
rhenium-186, rhenium-188, and bismuth-212. 

74. A method for imaging a site within a mammalian body comprising 
10 administering an effective diagnostic amount of the reagent of Claim 10 radiolabeled with a 

detectable radioisotope and detecting the radioisotope localized at the site in the mammalian 
body. 

75. The peptide of Claim 51 radiolabeled with iodine-123, iodine-125, iodine-131 
or astatine-211. 
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auchtr Af T OF THE DISCLOSURE 
This invention relates to therapeutic reagents and peptides, including radiotherapeutic 
reagents and peptides, radiodiagnostic reagents and peptides, and methods for producing 
labeled radiodiagnostic agents. Specifically, the invention relates to cyclic peptide derivatives 

5 and analogs of somatostatin, and embodiments of such peptides radiolabeled with a 
radioisotope, as well as methods and kits for making, radiolabeling and using such peptides 
for radiodiagnostic and radiotherapeutic purposes. The invention specifically relates to cyclic 
peptide derivatives and analogues of somatostatin radiolabeled with technetium-99m and uses 
thereof as scintigraphic imaging agents. The invention also specifically relates to cyclic 

10 peptide derivatives and analogues of somatostatin radiolabeled with cytotoxic radioisotopes 
such as rhenium-186 ( ,M Re) and rhenium-188 ( m Re) for use as radiotherapeutic agents. 
Methods and kits for making, radiolabeling and using such peptides diagnostically and 
therapeutically in a mammalian body are also provided. 
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[57] * ABSTRACT 

This invention relates to therapeutic reagents and peptides, 
radiodiagnostic reagents and peptides, and methods for 
producing label radiodiagnostic agents. Specifically, the 
invention relates to linear peptide derivatives and analogs of 
somatostatin, and embodiments of such peptides radiola- 
beled with a radioisotope, as well as methods and kits for 
making, radiolabeling and using such peptides for radiodi- 
agnostic and radiotherapeutic purposes. The invention spe- 
cifically relates to linear peptide derivatives and analogues 
of somatostatin radiolabeled with technetium-99m and uses 
thereof as scintigraphic imaging agents. The invention so 
specifically relates to liner peptide derivatives and analogues 
of somatostatin radiolabeled with cytotoxic radioisotopes 
such as rhenium-186 ( lS6 Re) and rhenium-188 ( 188 Re) for 
use as radiotherapeutic agents. Methods and kits for making, 
radiolabeling and using such peptides diagnostically and 
therapeutically in a mammalian body are also provide. 

68 Claims, No Drawings 
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RADIOACTIVE PEPTIDES 

This application is a continuation-in-part of copending 
U.S. patent application Ser. No. 07/902,935, filed Jun. 23, 
1992. 5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to therapeutic agents and peptides, j 0 
radiotherapeutic agents and peptides, radiodiagnostic agents 
and peptides, and methods for producing such labeled radio- 
diagnostic and radiotherapeutic agents. Specifically, the 
invention relates to linear peptide derivatives and analogues 
of somatostatin, and embodiments of such peptides labeled J5 
with gamma radiation-emitting radioisotopes such as tech- 
netium-99m (Tc-99m), as well as methods and kits for 
making, radiolabeling and using such peptides to image sites 
in a mammalian body. The invention also relates to linear 
peptide derivatives and analogues of somatostatin labeled 2 o 
with cytotoxic radioisotopes such as rhenium-186 ( 186 Re) 
and rhcnium-188 ( l88 Re), and methods and kits for making, 
radiolabeling and using such peptides therapeutically in a 
mammalian body. 

2. Decription of the Prior Art 25 
Somatostatin is a tetradecapeptide that is endogenously 

produced by the hypothalamus and pancreas in humans and 
other mammals. The peptide has the formula: 



Brady, European Patent Application No. 83111747.8 dis- 
closes dicyclic hexapeptide somatostatin analogues useful in 
the treatment of a number of human diseases. 

Bauer et al., European Patent Application No. 85810617.2 
disclose somatostatin derivatives useful in the treatment of 
a number of human diseases. 

Eck and Moreau, European Patent Application No. 

90302760.5 disclose therapeutic octapeptide somatostatin 
analogues. 

Coy and Murphy, European Patent Application Ser. No. 

90304551.6 disclose linear somatostatin analogues. 

Coy and Murphy, International Patent Application Ser. 
No. PCT/US90/07074. disclose somatostatin analogues for 
therapeutic uses. 

Schally et al., European Patent Application Ser. No. EPA 
911048445.2 disclose cyclic peptides for therapeutic use. 

Bodgen and Moreau, International Patent Application Ser. 
No. PCT/US92/01027 disclose compositions and methods 
for treating proliferative skin disease. 

Somatostatin exerts it effects by binding to specific recep- 
tors expressed at the cell surface of cells comprising the 
central nervous system, the hypothalamus, the pancreas, and 
the gastrointestinal tract These high-affinity somatostatin 
binding sites have been found to be abundantly expressed at 
the cell surface of most endocrine-active tumors arising 
from these tissues. Expression of high-affinity binding sites 
for somatostatin is a marker for these tumor cells, and 
specific binding with somatostatin can be exploited to locate 
and identify tumor cells in vivo. 



Ala— Gly — Cys— Lys— Asn—Phe— Phe —Tip — Lys — Thr — Phc — Thr— Ser — Cys Formula I 



[Single letter abbreviations for amino acids can be found in 
G. Zubay, Biochemistry (2d ed.), 1988, (MacMillan Pub- 35 
lishing: New York), p.33]. This peptide exerts a wide variety 
of biological effects in vivo. It is known to act physiologi- 
cally on the central nervous system, the hypothalamus, the 
pancreas, and the gastrointestinal tract. v 

Somatostatin inhibits the release of insulin and glucagon 
from the pancreas, inhibits growth hormone release from the 40 
hypothalamus, and reduces gastric secretions. Thus, soma- 
tostatin has clinical and therapeutic applications for the 
alleviation of a number of ailments and diseases, both in 
humans and other animals. Native somatostatin is of limited 
utility, however, due to its short half-life in vivo, where it is 45 
rapidly degraded by peptidases. For this reason, somatosta- 
tin analogues having improved in vivo stability have been 
developed in the prior an. 

Freidihger, U.S. Pat. No. 4,235,886 disclose cyclic 
hexapeptide somatostatin analogues useful in the treatment 50 
of a number of diseases in humans. 

Coy and Murphy, U.S. Pat. No. 4,485,101 disclose syn- 
thetic dodecapeptide somatostatin analogues. 

Freidinger, U.S. Pat. No. 4,611,054 disclose cyclic 
hexapeptide somatostatin analogues useful in the treatment 55 
of a number of diseases in humans. 

NutU U.S. Pat No. 4,612,366 disclose cyclic hexapeptide 
somatostatin analogues useful in the treatment of a number 
of diseases in humans. 

Coy et al., U.S. Pat. No. 4,853,371 disclose synthetic 60 
octapeptide somatostatin analogues. 

Coy and Murphy, U.S. Pat. No. 4.871,717 disclose syn- 
thetic heptapeptide somatostatin analogues. 

Coy et al., U.S. Pat. No. 4,904,642 disclose synthetic 
octapeptide somatostatin analogues. 65 

Taylor et al., U.S. Pat. No. 5,073,541 disclose a method of 
treating small cell lung cancer. 



Methods for radiolabeling somatostatin analogues that 
have been modified so as to contain a tyrosine amino acid 
(iyr or Y) are known in the prior art. 

Albert et al., UK Patent Application 8927255.3 disclose 
radioimaging using somatostatin derivatives such as oct- 
reotide labeled with 123 I. 

Bakkeretal., 1990, J.Nucl. Med.31: 1501-1509 describe 
radioactive iodination of a somatostatin analog and its 
usefulness in detecting tumors in vivo. 

Bakker et al., 1991, J. Nucl. Med. 32: 1184-1189 teach 
the usefulness of radiolabeled somatostatin for radioimaging 
in vivo. 

Bomanji et al., 1992, J. Nucl. Med. 33: 1121-1124 
describe the use of iodinated (1>r-3) octreotide for imaging 
metastatic carcinoid tumors. 

Alternatively, methods for radiolabeling somatostatin by 
cpvalently modifying the peptide to contain a radionuclide- 
chelating group have been disclosed in the prior art. 

Albert et al., UK Patent Application 8927255.3 disclose 
radioimaging using somatostatin derivatives such as oct- 
reotide labeled with lll In via a chelating group bound to the 
annno-terminus. 

Albert et al., European Patent Application No. WO 
91/01144 disclose radioimaging using radiolabeled peptides 
related to growth factors, hormones, interferons and cytok- 
ines and comprised of a specific recognition peptide 
covalently linked to a radionuclide chelating group. 

Albert et al., European Patent Application No. 
92810381.1 disclose somatostatin peptides having amino- 
terrninally linked chelators. 

Faglia et al., 1991, J. Clin. Endocrinol. Metab. 73: 
850-856 describe the detection of somatostatin receptors in 
patients. 

Kwekkeboom et al., 1991, J. Nucl. Med. 32: 981 Abstract 
#305 relates to radiolabeling somatostatin analogues with 
lu In. 
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Albert et al., 1991, Abstract LM10, 12th American Pep- 
tide Symposium: 1991 describe uses for m In-labeled dieth- 
ylene-triaminopentaacetic acid-derivatized somatostatin 
analogues. 

Krenning et al., 1992, J. NucL Med. 33: 652-658 describe 
clinical scintigraphy using [ m In ][DTPA]octreotide. 

These methods can be readily adapted to enable detection 
of tumor cells in vivo by radioimaging, based on the 
expression of high affinity binding sites for somatostatin on 
tumor cells. Radionuclides which emit gamma radiation can 
be readily detected by scintigraphy after injection into a 
human or an animal. A variety of radionuclides are known 
to be useful for radioimaging, including 67 Ga, 68 Ga, 99m Tc 
(Tc-99m), lu In, 123 I or 125 I. The sensitivity of imaging 
methods using radioactively-labeled peptides is much higher 
than other techniques known in the art, since the specific 
binding of the radioactive peptide concentrates the radioac- 
tive signal over the cells of interest, for example, tumor 
ceUs. This is particularly important for endocrine-active 
gastrointestinal tumors, which are usually small, slow-grow- 
ing and difficult to detect by conventional methods. Labeling 
with technetium-99m (Tc-99m) is advantageous because the 
nuclear and radioactive properties of this isotope make it an 
ideal scintigraphic imaging agent. Tc-99m has a single 
photon energy of 140 kcV and a radioactive half-life of 
about 6 hours, and is readily available from a 99 Mo- 99m Tc 
generator. Other radionuclides have effective half-lives 
which are much longer (for example, m In, which has a 
half-life of 60-70 h) or are toxic (for example, 125 I). 
Although Tc-99m is an ideal radiolabeling reagent, it has not 
been widely used in the art prior to the present invention 
[see, for example, Lamberts, J. Nucl. Med. 32: 1189-1191 
(1991)]. 

Somatostatin and radiolabeled somatostatin analogues 
can also be used therapeutically. For these applications, 
cytotoxic radioisotopes arc advantageous, such as scandium- 
47, copper67, galIium-72, yttrium-90, iodine-125, iodine- 
131, samarium- 153, gadolinium- 159, dysprosium- 165, hof- 
mium-166, ytterbium- 175, lutetium-177, rhenium-186, 
rhenium-188, astatine-211, and bismuth-212. The rhenium 
isotopes 18e Re and 188 Re are particularly advantageous. 

The use of chelating agents for radiolabeling proteins are 
known in the prior art, and methods for labeling peptides 
Tc-99m are disclosed in U.S. patent application Ser. Nos. 
07/653,012 filed Feb. 8, 1991, now abandoned; 07/757,470 
filed Sep. 10, 1991, now U.S. Pat. No. 5,225,180; 07/807, 
062 filed Nov. 27, 1991, now U.S. Pat. No. 5,443,815; 
07/851,074 filed Mar. 13, 1992, now abandoned; 07/886,752 
filed May 21, 1992, now abandoned; 07/893,981 filed Jun. 
5, 1992, now U.S. Pat. No. 5,508,020; 07/955,466 filed Oct. 
2, 1992, now abandoned; 07/977,628 filed Nov. 17, 1992, 
now U.S. Pat. No. 5,405,597; 08/044,825 filed Apr. 8, 1993, 
now abandoned; and co-pending application Ser. Nos. 
07/871,282 filed Apr. 30, 1992; 08/019,864 filed Feb. 19, 
1993; and Ser.' No. 08/073,577 filed Jun. 7, 1993 and PCT 
International Applications PCT/US92/00757, PCT/US92/ 
10716, PCT/US93/02320, PCT/US93/03687, PCT/US93/ 
04794, and PCT/US93/06029, which are hereby incorpo- 
rated by reference. 

Fritzberg, U.S. Pat No. 4,444,690 describes a series of 
technetium-chelating agents based on 2,3-bis(mercaptoac- 
etamido) propanoate. 

Gansow et al., U.S. Pat. No. 4,472,509 teach methods of 
manufacturing and purifying Tc-99m chelate-conjugatcd 
monoclonal antibodies. 

Reno and Bottino, European Patent Application 
87300426.1 disclose radiolabeling antibodies with Tc-99m. 
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Pak et al., European Patent Application No. WO 88/07382 
disclose a method for labeling antibodies with Tc-99m. 

Cox, International Patent Application No. PCT/US92/ 
04559 discloses radiolabeled somatostatin derivatives con- 
5 taming two cysteine residues. 

Rhodes, 1974, Sem. Nucl. Med. 4: 281-293 teach the 
labeling of human serum albumin with technetium-99m. 

Khaw et al., 1982, J. Nucl. Med. 23: 1011-1019 disclose 
methods for labeling biologically active macromolecules 
10 withTc-99m. 

Byrne and Tolman, supra, disclose a bifunctional thiolac- 
tone chelating agent for coupling Tc-99m to biological 
molecules. 

Cox et al., 1991, Abstract, 7th International Symposium 

15 on Radiopharmacology, p. 16, disclose the use of, Tc-99m-, 
131 I- and m In-labeled somatostatin analogues in radiolo- 
calization of endocrine tumors in vivo by scintigraphy. 

Methods for directly labeling somatostatin, derivatives of 
somatostatin, analogues of somatostatin or peptides that 

20 bind to the somatostatin receptor and contain at least 2 
cysteine residues that form a disulfide or wherein the dis- 
ulfide is reduced to the sulfhydryl form, are disclosed in 
co-pending U.S. patent application Ser. No. 07/807,062, 
filed Nov. 27, 1991, now U.S. Pat. No. 5,443,815 which is 

25 hereby incorporated by reference. 

There remains a need for synthetic (to make routine 
manufacture practicable and to ease regulatory acceptance) 
somatostatin analogues having increased in vivo stability, to 
be used therapeutically, as scintigraphic agents when radio- 

30 labeled with Tc-99m or other detectable radioisotopes for 
use in imaging tumors in vivo, and as radiotherapeutic 
agents when radiolabeled with a cytotoxic radioisotope such 
as rhenium-188. Small synthetic somatostatin analogues are 
provided by this invention that specifically fulfill this need. 

35 

SUMMARY OF THE INVENTION 

The present invention provides somatostatin analogues 

40 that are linear peptides for therapeutic applications, includ- 
ing radiotherapeutic applications, and diagnostic applica- 
tions, including radiodiagnostic applications, in particular 
scintigraphic imaging applications. Distinct from native 
somatostatin and somatostatin analogues known in the prior 

45 art, the linear peptides of the invention are not constrained 
within a cyclic structure. The invention also provides linear 
peptide reagents comprised of the linear peptide somatosta- 
tin analogues of the invention, wherein such peptides are 
covalently linked to a radiolabel-binding moiety. The inven- 

50 tion provides such linear peptides, linear peptide reagents 
and radiolabeled linear peptide reagents that are scinti- 
graphic imaging agents, radiodiagnostic agents and radio- 
therapeutic agents. Scintigraphic imaging agents of the 
invention comprise linear peptide reagents radiolabeled with 

55 a radioisotope, preferably technetium-99m. Radiotherapeu- 
tic agents of the invention comprise linear peptide reagents 
radiolabeled with a cytotoxic radioisotope, preferably rhe- 
nium-186 or rhenium-188. Methods for making and using 
such linear peptides, linear peptide reagents and radiola- 

60 beled embodiments thereof arc also provided. 

The present invention also provides scintigraphic imaging 
agents comprised of a linear peptide that is a somatostatin 
analogue and that is labeled with iodine- 123, iodine-125 or 
iodine- 131. Similarly, the invention provides alternative 

65 embodiments of the linear somatostatin peptide analogues 
radiolabeled with iodine-125, iodine-131 or astatine-211 for 
use as therapeutic agents. 
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The somatostatin analogues provided by the invention arc 
soraatostatin-receptor binding peptides having the following 
formula: 

X l -A l A 2 -B 1 B 2 B 3 B"-C I C 2 -X 2 . (Formula II) 5 

wherein X 1 is a hydrophilic moiety which is not greater than 
1500 Daltons in formula weight; A 1 , A 2 and C l are each 
independently a lipophilic D- or L-amino acid, S-alkylated 
cysteine, peniciUamine (Pen), homocysteine (Hey) or homo- 
homocysteine (Hhc; 3-mercaptopropyl) glycine; B 1 is D- or 10 
L-Phe, or D- or L-Tyr, or D- or L-2-naphthylalanine (Nal), 
or 2-amino-indane-2-carboxylic acid (Ain) or substituted 
derivatives thereof; B 2 is D- or L-Trp or substituted deriva- 
tives thereof; B 3 is D- or L-Lys, or homolysine (Hly), 
4-aminocyclohexyl alanine (Achxa), 4-aminomethyl-pheny- 15 
lalanine (Amf), S-(2-aminoethyl)cysteine (Aec), S-(3-ami- 
nopropyl)cysteine (Ape), 0-(2-aminoethyl) serine (Aes), 
0-(3-aminopropyl)serine (Aps) or substituted derivatives 
thereof; B 4 is Thr, Ser, Val, Phe, Leu, lie, 2-amino-isobutyric 
acid (Aib), 2-aminobutyric acid (Abu), norvaline (Nva), or 20 
norleucine (Nle); C 2 is D- or L-Thr, Ser, Val, Phe, lie, Abu, 
Nle, Leu, Nva, Nal or Aib or substituted derivatives thereof; 
X 2 is a hydrophilic moiety which is not more than 1500 
Daltons in formula weight. In a preferred embodiment, X 1 is 
a hydrophilic moiety that comprises an amino acid, or a 25 
peptide having an amino acid sequence of no more than 10 
residues, or a monosaccharide, or an oligosaccharide com- 
prising 10 or fewer saccharide units, or a poly(N-carboxy- 
alkyl)amine, or a polyoxy anion. In another preferred 
embodiment, X 2 is a hydrophilic moiety that comprises a 30 
poly(N-carboxyalkyl)amine or polyoxyanion, or an amino 
acid, or a peptide having an amino acid sequence of no more 
than 10 residues (including peptides wherein the carboxyl 
group of the carboxyl-terrninal amino acid is reduced to an 
alcohol), or a monosaccharide or an oligosaccharide com- 35 
prising 10 or fewer saccharide units. In another preferred 
embodiment, B 1 is phenylalanine or tyrosine, B 2 is tryp- 
tophan, most preferably D-tryptophan, B 3 is lysine and B 4 is v. 
threonine or valine. 

The invention also provides linear peptide reagents com- 40 
prising a linear peptide of Formula H covalently linked to a 
radiolabel-binding moiety, wherein X 1 is H, lower alkyl or 
substituted alkyl, aryl or substituted aryl, alkanoyl or sub- 
stituted alkanoyl, aroyl or substituted aroyl, or a hydrophilic 
moiety which is not greater than 1500 Daltons in formula 45 
weight; A 1 , A 2 and C l are each independently a lipophilic D- 
or L-amino acid, S-alkylated cysteine, penicillamine (Pen), 
homocysteine (Hey) or homohomocysteine (Hhc; 3-mercap- 
topropyl) glycine; B 1 is D- or L-Phe, or D- or L-Tyr, or D- 
or L-2-naphthylalanine (Nal), or 2-amino-indane-2-car- 50 
boxylic acid (Ain) or substituted derivatives thereof; B 2 is 
D-or L-Trp or substituted derivatives thereof; B3 is D- or 
L-Lys, or homolysine (Hly), 4-arrdnocyclohexylalanine 
(Achxa), 4-arninomethyl-phenylalanine (Amf), S-(2-amino- 
ethyl)cysteine (Aec), S-(3-aminopropyl)cysteine (Ape), 55 
0-(2-aminocthyl) serine (Aes), 0-(3-aminopropyl)serine 
(Aps) or substituted derivatives thereof; B 4 is Thr, Set, Val, 
Phe, Leu, lie, 2-amino-isobutyric acid (Aib), 2-aminobutyric 
acid (Abu), norvaline (Nva), or norleucine (Nle); C 2 is D- or 
L-Thr, Ser, Val, Phe, He, Abu, Nle, Leu, Nva, Nat or Aib or 60 
substituted derivatives thereof; X 2 is — COOR 9 , — CH 2 OH, 
CH 2 COOR 9 , or — CONfR 9 ^, where each R 9 is indepen- 
dently H, lower linear or cyclic alkyl or substituted deriva- 
tives thereof, or substituted with a hydrophilic moiety which 
is not more than 1500 Daltons in formula weight. In a 65 
preferred embodiment, when Xis a hydrophilic moiety that 
moiety comprises an amino acid, or a peptide having an 



amino acid sequence of no more than 10 residues, or a. 
monosaccharide, or an oligosaccharide comprising 10 or 
fewer saccharide units, or a poly(N-carboxyalkyl)amine, or 
a polyoxyanion. In another preferred embodiment, when X 2 
is a hydrophilic moiety that moiety comprises a poly(N- 
carboxyalkyl)arnine or polyoxyanion, or an amino acid, or a 
peptide having an amino acid sequence of no more than 10 
residues (including peptides wherein the carboxyl group of 
the carboxyl-terrninal amino acid is reduced to an alcohol), 
or a monosaccharide or an oligosaccharide comprising 10 or 
fewer saccharide units. In another preferred embodiment, 
Bis phenylalanine or tyrosine, B 2 is tryptophan, most pref- 
erably D-tryptophan, B 3 is lysine and B 4 is threonine or 
valine. 

The present invention provides peptides that are linear 
somatostatin peptide analogues as . described herein having 
increased in vivo stability compared with native somatosta- 
tin, and that are therapeutically useful in the alleviation of 
diseases or other ailments in humans or other animals. 

The invention also provides scintigraphic imaging agents 
comprising the linear peptide reagents of the invention 
wherein the radiolabel-binding moiety is stably complexed 
with a radioisotope. In one such embodiment is provided a 
scintigraphic imaging agent wherein the linear somatostatin 
peptide analogue reagents of the invention are radiolabeled 
with technetium-99m. In other embodiments of the . scinti- 
graphic imaging agents of the invention the radioisotope is 
indium-Ill or galhum-68. In still other embodiments, the 
scintigraphic imaging agents of the invention are linear 
peptides that are radiolabeled with iodine- 123 or iodine- . 
125. 

The invention also provides radiotherapeutic agents that 
are the linear peptide reagents of the invention radiolabeled 
with a cytotoxic radioisotope that is selected from the group 
consisting of scandium-47, copper-67, gallium-72, yttrium- 
90, iodine-125, iodine-131, samarium-153, gadolinium- 159, 
dysprosium-165, holmium-166, ytterbium- 175, lutetium- 
177, rhenium-186, rhenium-188,astatine-211 and bismuth- 
212. In preferred embodiments, the radioisotope is rhenium- 
186 or rhenium-188. In additional preferred embodiments, 
the cyclic peptides of the invention are radiolabled with 
iodine-125, iodine-131 or astatine-211. 

In another embodiment, the invention provides therapeu- 
tic agents comprising the linear spmatostain analogue pep- 
tide reagents of the invention complexed with a non-radio- 
active metal such as rhenium. Combination embodiments, 
wherein such a complex is also radiolabeled, either directly 
or via a radiolabel-binding moiety, are also provided by the 
invention and are within its scope. 

The invention also provides pharmaceutical compositions 
comprising the somatostatin receptor-binding peptides of 
the invention in a pharmaceutically acceptable carrier. 

The invention also provides a method for alleviating 
somatostatin-related diseases in animals, preferably humans, 
comprising administering a therapeutically effective amount 
of the somatostatin analogues of the invention to the animal. 
In preferred embodiments, the amount of the somatostatin 
analogue administered is from about 0.1 to about 50 mg/kg 
body weight/day. 

It is an advantage of the somatostatin analogues provided 
by this invention that the peptides retain high affinity for 
somatostatin receptors even though they are linear peptides. 
As the preferred embodiments lack intramolecular disulfide 
bonding, the advantageous feature of the linear somatostatin 
peptide analogues of this invention is that their stability is 
not dependent on the formation or persistence of intramo- 
lecular disulfide bonds. This feature is in turn advantageous 
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because the high affinity of the peptides of this invention for 
somatostatin receptors is thus not a function of the integrity 
of labile intramolecular crosslinks such as disulfide bonds. 
Additionally, the peptide reagents of the invention retain 
their high affinity for somatostatin receptors after being 5 
subjected to radiolabeling via covalently-linked radiolabeled 
binding moieties. In contrast, for example, Tc-99m conju- 
gation to a Tc-99m binding moiety covalently linked to 
native somatostatin, or to a somatostatin analogue having a 
disulfide bond, can result in reduction of the disulfide 
accompanied by a loss of biological activity. Such loss of 
biological activity can also occur in vivo using native 
somatostatin, or to any somatostatin analogue having a 
disulfide bond. The present invention is not subject to 
similar losses in biological activity in vivo because the 
somatostatin analogues of the invention are active as linear 15 
peptides. 

A first aspect of the reagents provided by the invention for 
preparing radiolabeled agents of the invention are reagents, 
each comprised of a peptide that is a somatostatin analogue 
that is covalently linked to a radiolabel-binding moiety 20 
having formula: 

C( Pg p)M aa )-C(pgp)' 

wherein (pgp) x is H or a thiol protecting group and (aa) is an ^ 
amino acid. In a preferred embodiment, the amino acid is 
glycine. In another preferred embodiment, the agent is a 
scintigraphic imaging agent. In yet another preferred 
embodiment, the agent is a radiotherapeutic agent 

In a second embodiment, the invention provides peptide 3Q 
reagents capable of being radiolabeled for use as scinti- 
graphic imaging agents or radiotherapeutic agents, each 
comprising a somatostatin analogue that is covalently linked 
to a radiolabel-binding moiety of formula: 



A-CZ(B)-|C(R*R")]„-X 
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CO-(amino arid)-cystcine-CO-pcptidc 
SX 
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[for purposes of this invention, radiolabel-binding moieties 65 
having this structure will be referred to as picolinic acid 
(Pic)-based moieties] or 




peplide-HN-cysteinc- (amino acid)-NH— CH2 
SX 



wherein X is H or a protecting group; (amino acid) is any 
amino acid and the radiolabel-binding moiety is covalently 
linked to the peptide. For purposes of this invention, radio- 
label-binding moieties having this structure will be referred 
to as picolylamine (Pica)-based moieties. In a preferred 
embodiment, the amino acid is glycine and X is an aceta- 
midomethyl protecting group. 

Yet another embodiment of the invention provides peptide 
reagents capable of being radiolabeled with a radioisotope, 
for imaging sites within a mammalian body or for use as a 
radiotherapeutic agent, each comprising a somatostatin ana- 
logue that is covalently linked to a radiolabel-binding moi- 
ety that is a bisamino bisthiol radiolabel-binding moiety. The 
bisamino bisthiol radiolabel-binding moiety in this embodi- 
ment of the invention has the formula: 



/ 

NH 

/ 

(CR2) ffl 

s-cpgpy 



(CR2), 



\ 



N—A-CO-X 
(CR 2 )„ 

s-(pgpy 



wherein each R can be independently H, CH 3 or C 2 H 5 ; each 
(pgp) f can be independently a thiol protecting group or H; m, 
n and p are independently 2 or 3; A is linear or cyclic lower 
alkyl, aryl, heterocyclyl, combinations or substituted deriva- 
tives thereof; and X is peptide; or 



wherein A is H, HOOC, H 2 NOC, (peptide)-NHOC, (peg- 
tide)-OOC or R""; B is H, SH or — NHR"\ — N(R"> (pep- 
tide) or R""; X is SH or — NKR"\ — N(R'")-(peptide)or R""; 
Z is H or R""; R\ R", R"' and R"" are independently H or 40 
straight or branched chain or cyclic lower alkyl; n is 0, 1 or 
2; and: (1) where B is — NHR" 1 or — N(R'")-(peptidc), X is 
SH and n is 1 or 2; (2) where X is —NHR'" or — N(R"')- 
(peptide), B is SH and n is 1 or 2; (3) where B is H or R"*', 
A is HOOC, H 2 N0C, (pcptidc)-NHOC, (pepude)-OOC, X is 45 
SH and n is 0 or 1; (4) where A is H or R ,M \ then where B 
is SH, X is — NHR"* or — N(R'")-(peptide) and where X is 
SH, B is — NHR ,M or — N(R'")-(peptide); (5) where X is H 
or R"", A is HOOC, H 2 NOC, (peptide)-NHOC, (peptide)- 
OOC and B is SH; (6) where Z is methyl, X is methyl, A is 50 
HOOC, H 2 NOC, (peptide)-NHOC, (peptide)-OOC and B is 
SH and n is 0; and (7) where Z is SH and X is SH, n is not 
0; and wherein the thiol moiety is in the reduced form. 

In another embodiment, the invention provides peptide 
reagents capable of being radiolabeled with a radioisotope, 55 
for radiotherapy or for imaging sites within a mammalian 
body, each comprising a somatostatin anal, ogue that is 
covalently linked to a radiolabelbinding moiety of formula: 



/ 

NH 

/ 

(CR 2 )m 

SH 



(CRz), 



\ 



N-A-CH(V)NHR' 
(CR2), 
SH 



wherein each R is independently H, CH 3 or Oft; m, n and 
p are independently 2 or 3; A is linear or cyclic lower alkyl, 
aryl, heterocyclyl, combinations or substituted derivatives 
thereof; V is H or CO-peptide; R' is H or peptide; provided 
that when V is H, R' is peptide and when R' is H, V is 
CO-peptide. For purposes of this invention, radiolabel- 
binding moieties having these structures will be referred to 
as "BAT" moieties. 

This invention provides methods for preparing peptide 
reagents of the invention by chemical synthesis in vitro. In 
a preferred embodiment, peptides are synthesized by solid 
phase peptide synthesis. 

This invention provides reagents for preparing a radi- 
olabled somatostatin receptor-binding agent comprising the 
somatostatin receptor-binding peptides of the invention 
covalently linked to a radiolabel-binding moiety. In a pre- 
ferred embodiment, the reagent is radioactively labeled with 
Tc-99m. In another preferred embodiment, the reagent is 
radioactively labeled with 186 Re or 188 Re. 

The invention also provides complexes of the linear 
peptide reagents of the invention with a radioisotope, as well 
as methods for radiolabeling the peptide reagents of the 
invention. For example, in one embodiment scintigraphic 
imaging agents provided by the invention comprise Tc-99m 
labeled complexes formed by reacting the peptide reagents 
of the invention with Tc-99m in the presence of a reducing 
agent. Preferred reducing agents include but are not limited 
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to dithionite ion, stannous ion and ferrous ion. Such Tc-99m 
complexes of the invention are also formed by labeling the 
peptide reagents of the invention with Tc-99m by ligand 
exchange of a prereduced Tc-99m complex as provided 
herein. 5 

The invention also provides kits for preparing radiola- 
beled linear somatostatin analogue peptides from the peptide 
reagents of the invention. Kits for radiolabeling the peptide 
reagents of the invention are comprised of a sealed vial 
containing a predetennined quantity of a peptide reagent of 10 
the invention and a sufficient amount of reducing agent to 
radiolabel the peptide. In a preferred embodiment, the 
radiolabeled somatostain analogue is a scintigraphic imag- 
ing agent Also preferred is radiolabeling the peptide 
reagents of the invention with Tc-99m. Kits for preparing 15 
radiotheapeutic agents are also provided, wherein the pre- 
ferred radioisotopes are rhenium- 186 and rhenium- 188. 

This invention provides methods for using the radiola- 
beled peptide reagents of the invention diagniostically and 
therapeutically. In one embodiment of the invention, meth- 20 
ods are provided for using scintigraphic imaging agents that 
are Tc-99m labeled peptide reagents for imaging sites within 
a mammalian body by obtaining in vivo gamma scinti- 
graphic images. These methods comprise administering an 
effective diagnostic amount of Tc-99m labeled peptide 25 
reagents of the invention and detecting the gamma radiation 
emitted by the Tc-99m label localized at the site within the 
mammalian body. 

The invention also provides methods for alleviating soma- 
tostatin-related diseases in animals, preferably humans, 30 
comprising adrriinistcring a therapeutically effective amount 
of the radiolabeled somatostatin-binding peptide reagents of 
the invention to the animal. In preferred embodiments, the 
reagent is radioactively labeled with 186 Re or 188 Re. 

The peptides and peptide reagents of the invention may 35 
also be comprised of a polyvalent linking moiety. Polyvalent 
linking moieties of the invention are comprised of at least 2 
identical linker functional groups capable of covalently v. 
bonding to somatostatin analogue peptides or Tc-99m bind- 
ing moieties. Preferred linker functional groups are primary 40 
or secondary amines, hydroxyl groups, carboxylic acid 
groups or thiol-reactivc groups. In preferred embodiments, 
the polyvalent linking moieties are comprised of bis-succin- 
imidylmethylether (BSME), 4<2,2-dimethylacetyl)bertzoic 
acid (DMBA), N-[2-(N',N'-bis (2-succinimido-ethyl)amino- 
emyl)]-N 6 ,N 9 -bis(2-methyl-2-mercaptopropyl)-6,9-diaza- 
nonanamide (BAT — B S), tris(succinimidylethy])amine 
(TSEA), bis-succinimidohexane (BSH), 4-(0-CH 2 CO-Gly- 
Gly-Cys.amide)-2-methylpropiophenone (ETAC) or a 
derivative thereof. 

Specific preferred embodiments of the present invention 
will become evident from the following more detailed 
description of certain preferred embodiments and the claims. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The present invention provides linear peptide reagents for 
preparing radiolabeled agents for radiodiagnostic and radio- 
therapeutic uses. The present invention provides linear pep- 
tides that are somatostatin analogues and that are not not go 
constrained within a cyclic structure. Such somatostatin 
analogues thereby possess increased in vivo stability com- 
pared with native somatostatin. These linear peptides are 
themselves therapeutic agents for alleviating diseases and 
other ailments in animals including humans. 65 

Also provided by the invention are linear peptides that 
may be radioiodinated or radioastatinated and which are 
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thereby useful in radiotherapeutic and radiodiagnostic appli- 
cations. 

Another embodiment of these linear peptides that is 
provided by this invention are linear peptide reagents 
wherein the linear peptides of the invention are covalently 
linked to a radiolabel-binding moiety. Such linear peptide 
reagents are capable of being radiolabeled to provide radio- 
diagnostic or radiotherapeutic agents. One example of a 
radiodiagnostic application using the radiolabeled agents of 
the invention is scintigraphic imaging, wherein the location 
and extent of somatostatin receptor-bearing tumors may be 
detennined. 

The linear peptide reagents of the invention can also 
advantageously be radiolabeled with cytotoxic radioisotopes 
such as rhenium- 186 or rhenium- 188 for radiotherapeutic 
uses. The linear peptide reagents of .the invention are also 
useful in preparing complexes with nonradioactive metals, 
said complexes being useful therapeutically. 

The invention provides a method for using the somatosta- 
tin analogues of the invention to alleviate diseases or other 
ailments in animals, preferably humans. These diseases and 
ailments include but are not limited to diabetes and diabetes- 
related retinopathy, cirrhosis of the liver and hepatitis infec- 
tion, bleeding ulcers and other gastrointestinal bleeding, 
pancreatitis, central nervous system disorders, endocrine 
disorders, Alzheimer's disease, acromegaly and other dis- 
eases and disorders related to the production of inappropri- 
ate levels of growth hormone in vivo, and cancer, particu- 
larly those cancers whose growth is dependent or influenced 
by growth hormone production. Dosages of the somatostatin 
analogues provided by the invention may be the same as 
those dosages of native somatostatin routinely used for 
treatment of the above or other diseases, or less of the 
compounds of the invention may be administered due to 
their longer in vivo half-life. 

In embodiments of the invention useful as scintigraphic 
imaging agents, labeling with Tc-99m is an advantage of the 
present invention because the nuclear and radioactive prop- 
erties of this isotope make it an ideal scintigraphic imaging 
agent. This isotope has a single photon energy of 140 keV 
and a radioactive half-life of about 6 hours, and is readily 
available from a "Mo-" m Tc generator. Other radionuclides 
may also be used in the practice of the invention as disclosed 
herein. 

Radiotherapeutic embodiments of the invention, on the 
other hand, are advantageously labeled with cytotoxic radio- 
isotopes including but not limited to scandium-47,coppcr- 
67, gallium-72, yttrium-90, iodine-125, iodine-131, 
samarium-153, gadolinium- 159, dysprosium 165, holmium- 
166, ytterbium-175, lutetium-177, rhenium-186, rhenium- 
188, astatine-211 and bismuth-212, most preferably 186 Re or 
188 Re. Such embodiments are useful in the treatment of 
somatostatin-related diseases or other ailments in animals, 
preferably humans, including but not limited to cancer and 
other diseases characterized by the growth of malignant or 
benign tumors capable of binding somatostatin or soma- 
tostatin analogues via the expression of somatostatin recep- 
tors on the cell surface of cells comprising such tumors. 

In the radiolabel-binding moieties and linear peptides 
covalently linked to such moieties that contain a thiol 
covalently linked to a thiol protecting groups [(pgp) 5 ] pro- 
vided by the invention, the thiol-protecting groups may be 
the same or different and may be but are not limited to: 

— CH 2 — aryl (aryl is phenyl or alkyl or alkyloxy substi- 
tuted phenyl); 

— CH — (aryl) 2> (aryl is phenyl or alkyl or alkyloxy sub- 
stituted phenyl); 
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I — (aryl) 3 ,(aryl is phenyl or alkyl or alkyloxy substi- 
tuted phenyl); 
— CH 2 — (4-methoxyphenyl); 
-C(CH 3 ) 3 

— CH— (4-pyridyl)(phenyl) 2 ; 5 
9-phenylfluorenyl; 

— CH 2 NHCOR (R is unsubstituted or substituted alkyl or 
aryl); 

— CH 2 — NHCOOR (R is unsubstituted or substituted 10 
alkyl or aryl); 

— CONHR (R is unsubstituted or substituted alkyl or 
aryl); 

CH 2 — S— CH 2 -phenyl 

Preferred protecting groups have the formula — CH 2 — 15 
NHCOR wherein R is a lower alkyl having 1 and 8 carbon 
atoms, phenyl or phenyl- substituted with lower alkyl, 
hydroxyl, lower alkoxy, carboxy, or lower alkoxycarbonyl. 
The most preferred protecting group is an acetamidomethyl 
group. 20 

Each somatostatin receptor-binding linear peptidc-con- 
taining embodiment of the invention is comprised of a 
sequence of amino acids. The term amino acid as used in this 
invention is intended to include all L- and D- amino acids, 
naturally occurring and otherwise. Reagents comprising 25 
somatostatin receptor-binding peptides provided by the 
invention include but are not limited to the following 
illustrative examples of the peptide embodiments of the 
invention: 

C Acm GC Acm GGGF D .Cpa.W £) KTFT.arnide 30 

[DTPA].F 0 .Cpa.YW £> KTFT (€-K)GC,amide 

maGGGF 0 .Cpa.YW D KTFT.a mide 

Ac.C Acm GC Ac ^.Cpa.YW D KTFT.amide 

F z> .CpaYW D KTFTQ 4cm GC A(rm .amide 

[DTPA].D-Nal.Cpa.YW 0 KTFT(e-K)GCKK.amide 35 

AKCGGGF 0 .Cpa.YW z> KTFT.amide 

[DTPA]D-Nal.Cpa.YW D KTFT(e-K)GC.amide 

F D .Cpa.YW D KTFT.GGGC /4cm GC Acm . amide 

[DTPA].Aca.F D .Cpa.YW Z) KTFT(e-K)GC.amide 

[DTPA].(e-K)GCF D .F YW^KTFT. amide 40 

Ac.CGCF D .Cpa.YW Z5 KTFT.amide 

F ZJ .Cpa.YW z> KTFrCGC.amide 

[DTPA].(D-Nal.CYW z? KVCT) 2 

Ac.F £) .FYW Z5 KTFT(e-K)GC.amide 

Ac.F z> FYW z? KTFTGGG(e-K)GC.amide 45 

F z> .Cpa.YW z> KTC.Nal.amide 

KCBATJ.D-Nal.C^YW^KVC^T.arnide 

Ac.F z> FYW D KTFGGG(e-K)KC.amide 

Pic.GC /lcm GGGF D .Cpa,YW 0 KTFT.amide 

[DTPA].D-Nal.CYW D KVCT. amide 50 

(2-ketogulonyl)D-NalFYW D KVCT.amide 

F i? .Cpa.YW D K.Abu.Nal.T(6-K)GC.amide 

[DTPA].K(BATO.D-Nal.C A/c YW £> KyC Mc T. amide 

F D .CpaYW D KTFT(e-K)GC.arnide 

[DTPA].F D FYW z ,KTFT(e-K)GC.arnide 55 

AF D CFW z> KTC Afe T(CH 2 OH) 

[DTPA].F D GYW D KTCT(CH 2 0H) 

[DTPA].Nal.SYW D KVT.K(BAT).amide 

IPTPA].Nal.SYW D KVCT.arnide 

As used herein, the following amino acids and amino acid 60 
analogues are intended to be represented by the following 
abbreviations: Ac is an acetyl group; ma is mercaptoacetic 
acid group; Aca is 6-aminocaproic acid; Hey is homocys- 
teine; Hhc is homohomocystcine, which is (3-mcrcaptopro- 
pyl)glycine; Pen is pem^iU amine; Mob is the sulfhydryl 65 
protecting group 4-methoxybenzyl; Acm is the sulfhydryl 
protecting group acetamidomethyl; Aib is aminoisobutyric 



acid; Nal is 2-naphthylalaninc; Ain is 2-amino-indan-2- 
carboxylic acid; Hly is homolysine; Achxa is 4-amino- 
cyclohexylalanine; Amf is 4-aminomethylphenylalanine; 
Aec is S-(2-airdnoethyI)cysteine; Ape is S-(3-aminopropy- 
l)cysteine; Aes is 0-(2-aminocthyl)scrinc; Aps is 0-(3-ami- 
nopropyl)serine; Abu is 2-aminobutyric acid; Nva is norva- 
line; Aca is 6-aminocaproic acid; F 0 is D-phenylalanine; 
W 0 is D-tryptophan; Y^ is D-tyrosine; Cpa is L-(4-chlo- 
rophenyl)alanine; Thp is 4-amino-tetrahydrothiopyran-4- 
carboxylic acid; D-Nal is D-2-naphthylalanine; Dpg is 
dipropylglycine; and Nle is norleucine. All naturally-occur- 
ring amino acids are abbreviated using standard abbrevia- 
tions (which can be found in G. Zubay, Biochemistry (2d. 
ed.), 1988 (MacMillen Publishing: New York) p.33. for the 
purposes of this invention, the naturally-occuring amino 
acids are characterized as . lipophilic (alanine, isoleucine, 
leucine, methionine, phenylalanine, proline, tryptophan and 
valine, as well as S-alkylated derivatives of cysteine), hydro- 
philic (asparagine, glutamine, threonine, serine), acidic 
(glutamic acid and aspartic acid), basic (arginine, histidine 
and lysine). T(CH 2 OH) represents a threoninol residue, 
wherein the carboxyl group of the amino acid is reduced to 
a primary alcohol, incorporated into the peptide using the 
procedure of Neugebauer et al. (1990, Peptides: Proceed- 
ings of the llth American Peptide Symposium, pp. 
1020-21). e-K is intended to represent a covalent linkage via 
the e-amino group on the sidechain of a lysine residue. Pic 
is picolinoyl (pyridine-2-carbonyl); Pica is picolylamine 
(2-(aininomethyl)pyridine); [BAT] represents N 6 ,N 9 -bis(2- 
mercapto-2-methylpropyl)-6,9-diazanonanoic acid; K(BAT) 
and Lys(BAT) represent the amino acid lysine, acylated at 
the €-amino group on the amino acid sidechain to [BAT]; 
[BAM] is (N 1 ^ 4 -bis(2-mercapto-2-methylpropyl)-l,4,10- 
triazadecane; [BAT-BM] is N-[2-(^N'-bis(2-nialeirrndoet- 
hyl) arninoethyl]-N 9 -(t-butoxycarbonyl)-N 6 ,N 9 -bis(2-me- 
thyl-2-triphenylmemylthiopropyl)-6,9-diazanonanamide; 
[BAT-BS]is N-[2-Pvr , ,N l -bis(2-succinimidethy)aminethy]- 
N 6 , N 9 -bis(2-mercapto 2-rnethypropyl)-6 ( 9-diazannana- 
mide; [BMME] is bis-maleimidomethylcthcr; [BSME] is 
bis-succiriimidomethylether, and [DTPA] is diethylenetri- 
aminepentaacetic acid. 

For the purposes of this invention the term "poly(N- 
carboxyalkyl)amine" in intended to describe a series of 
compounds exemplified by nitrilotriacetic acid, iminodiace- 
tic acid, ethylenediaminetetraacedc acid (EDTA) and dieth- 
ylenetriaminepentaacetic acid (DTPA). 

For the purposes of this invention the term "polyoxyan- 
ion" is intended to encompass sulfates, phosphates, sul- 
fonates, phosphonates and like compounds. 

Linear somatostatin analogue peptides of the present 
invention can be chemically synthesized in vitro. Peptides of 
the present invention can generally advantageously be pre- 
pared on a peptide synthesizer. The peptides of this inven- 
tion can be synthesized wherein the radiolabel-binding moi- 
ety is covalently linked to the peptide during chemical 
synthesis in vitro, using techniques well known to those with 
skill in the art. Such peptides covalcntly-linkcd to the 
radiolabel-binding moiety during synthesis are advanta- 
geous because specific sites of covalent linkage can be 
determined. 

Radiolabel binding moiedes of the invention may be 
introduced into the target linear somatostatin analogue pep- 
tides during peptide synthesis. For embodiments comprising 
picolinic acid [(Pic-); e.g., Pic-Gly-Cys(protecting group)-], 
the radiolabel-binding moiety can be synthesized as the last 
(i.e., amino-terminal) residue in the synthesis. In addition, 
the picolinic acid-containing radiolabel-binding moiety may 
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be covalently linked to the e-amino group of lysine to give, 
for example, ctN(Fmoc)-Lys-eN[Pic-Gly-Cys(protecting 
group)], which may be incorporated at any appropriate 
position in the peptide chain. This sequence is particularly 
advantageous as it affords an easy mode of incorporation 5 
into the target somatostatin analogue peptide. 

Similarly, the picolylamine (Pica)-containing radiolabel- 
binding moiety [-Cys(protecting group)-Gly-Pica] can be 
prepared during peptide synthesis by including the sequence 
[-Cys(protecting group)-Gly-] at the carboxyl terminus of 10 
the peptide chain. Following cleavage of the peptide from 
the resin the carboxyl terminus of the peptide is activated 
and coupled to picolylamine. This synthetic route requires 
that reactive side-chain functionalities remain masked (pro- 15 
tected) and do not react during the conjugation of the 
picolylamine. 

This invention also provides small linear synthetic pep- 
tides that are somatostatin analogues and incorporate 
bisamine bisthiol (BAT) chelators that may be labeled with 20 
Tc-99m. 

This invention provides for the incorporation of these 
chelators into virtually any position in the peptide, via 
covalently linkage to any appropriate functional group of the 
peptide, except that the chelating moieties of the invention 25 
are not covalently linked to functional groups comprising 
the amino acid side chains of the amino acids B\ B 2 , B 3 or 
B 4 . 

In forming a complex of radioactive technetium with the 
reagents of this invention, the technetium complex, prefer- 30 
ably a salt of Tc-99m pertechnetate, is reacted with the 
reagent in the presence of a reducing agent. Preferred 
reducing agents are dithionite, stannous and ferrous ions; the 
most preferred reducing agent is stannous chloride. Means 
for preparing such complexes are conveniently provided in 35 
a kit form comprising a sealed vial containing a predeter- 
mined quantity of a reagent of the invention to be labeled 
. and a sufficient amount of reducing agent to label the reagent v. 
with Tc-99m. Alternatively, the complex may be formed by 
reacting a reagent of this invention with a pre-formed labile 40 
complex of technetium and another compound known as a 
transfer ligand. This process is known as ligand exchange 
and is well known to those skilled in the art. The labile 
complex may be formed using such transfer ligands as 
tartrate, citrate, gluconate or mannitol, for example. Among 45 
the Tc-99m pertechnetate salts useful with the present inven- 
tion are included the alkali metal salts such as the sodium 
salt, or ammonium salts or lower alkyl ammonium salts. 

In a preferred embodiment of the invention, a kit for 
preparing technetium-labeled peptides is provided. An 50 
appropriate amount of the peptide reagent is introduced into 
a vial containing a reducing agent, such as stannous chlo- 
ride, in an amount sufficient to label the peptide with 
Tc-99m. An appropriate amount of a transfer ligand as 
described (such as tartrate, citrate, gluconate or mannitol, for 55 
example) can also be included. The kit may also contain 
conventional pharmaceutical adjunct materials such as, for 
example, pharmaceutical^ acceptable salts to adjust the 
osmotic pressure, buffers, preservatives and the like. The 
components of the kit may be in liquid, frozen or dry form. 60 
In a preferred embodiment, kit components are provided in 
lyophilized form. 

Technetium-99m labeled imaging reagents according to 
the present invention may be prepared by the addition of an 
appropriate amount of Tc-99m or Tc-99m complex into the 65 
vials and reaction under conditions described in Example 2 
hereinbelow. 



Radioactively-labeled scintigraphic imaging agents pro- 
vided by the present invention are provided having a suitable 
amount of radioactivity. In forming Tc-99m radioactive 
complexes, it is generally preferred to form radioactive 
complexes in solutions containing radioactivity at concen- 
trations of from about 0.01 millicurie (mCi) to 100 mQ per 
mL. 

The imaging reagents provided by the present invention 
can be used for visualizing organs such as the kidney for 
diagnosing disorders in these organs, and tumors, in par- 
ticular gastrointestinal tumors, myelomas, small cell lung 
carcinoma and other APUDomas, endocrine tumors such as 
medullary thyroid carcinomas and pituitary tumors, brain 
tumors such as meningiomas and astrocytomas, and tumors 
of the prostate, breast, colon, and ovaries can also be 
imaged. In accordance with this invention, the Tc-99m 
labeled peptide reagents are administered in a single unit 
injectable dose. The Tc-99m labeled peptide reagents pro- 
vided by the invention may be administered intravenously in 
any conventional medium for intravenous injection such as 
an aqueous saline medium, or in blood plasma medium. 
Generally, the unit dose to be administered has a radioac- 
tivity of about 0.01 mCi to about 1 00 mCi, preferably 1 mCi 
to 20 mCi. The solution to be injected at unit dosage is from 
about 0.01 mL to about 10 mL. After intravenous adrriinis- 
tration, imaging in vivo can take place in a matter of a few 
minutes. However, imaging can take place, if desired, in 
hours or even longer, after the radiolabeled peptide is 
injected into a patient In most instances, a sufficient amount 
of the administered dose will accumulate in the area to be 
imaged within about 0.1 of an hour to permit the taking of 
scintiphotos. Any conventional method of scintigraphic 
imaging for diagnostic purposes can be utilized in accor- 
dance with this invention. 

The somatostatin receptor-binding linear peptides and 
non-radioactive metal complexes of the linear peptide 
reagents of the invention may be used clinically to promote 
regression of certain types of tumors, particularly those that 
express somatostatin receptors. The linear somatostatin ana- 
logue peptides of the invention can also be used to reduce 
the hormonal hypersecretion that often accompanies certain 
cancers, such as the APUDomas. Peptides of the invention 
used as therapeutic agents may be administered by any 
appropriate route, including intravenous, intramuscular or 
by mouth, and in any acceptable pharmaceutical carrier, in 
doses ranging from about 0.1 to about 49 mg/kgbody 
weight/day. 

This invention also provides peptides radiolabled with a 
cytotoxic radioisotope such as rhenium- 186 or rhenium- 188 
that may be used for radiotherapy of certain tumors as 
described above. For this purpose, an amount of radioactive 
isotope from about 10 mCi to about 200 mCi may be 
administered via any suitable clinical route, preferably by 
intravenous injection. 

The methods for making and labeling these compounds 
are more fully illustrated in the following Examples. These 
Examples illustrate certain aspects of the above-described 
method and advantageous results, and are shown by way of 
illustration and not limitation. 

EXAMPLE 1 

Solid Phase Peptide Synthesis 

Solid phase peptide synthesis (SPPS) was carried out. on 
a 0.25 millimole (mmole) scale using an Applied Biosys- 
lems Model 431 A Peptide Synthesizer and using 9-fluore- 
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nylmethyloxycarbonyl (Fmoc) amino-terminus protection, 
coupling with dicyclohexylcarbodiimide/hydroxybenzotria- 
zole or 2-(lH-benzotriazol-l-yl)-l ,1 ,3,3-tetramethyluro- 
nium hexafiuorophosphate/hydroxybenzotriazole (HBTU/ 
HOBT), and using p-hydroxymethylphenoxy- 
methylpolystyrene (HMP) resin for carboxyl-terminus acids 
or Rink amide resin for carboxyl-terminus amides. 

Where appropriate, the following amino acid derivatives 
were synthesized. Homocysteine was prepared by alkaline 
hydrolysis of L-homocysteine lactone. Threoninol residues, 
wherein the carboxyl group of the amino acid is reduced to 
a primary alcohol, can be introduced into the peptides of the 
invention where appropriate using the procedure of Neuge- 
bauer et al. (1990, Peptides: Proceedings of the 11th Ameri- 
can Peptide Symposium, pp. 1020-21). Fmoc. Hcy(Trt) and 
Fmoc.Pen(Trt) were prepared from the appropriate amino 
acids by tritylation with triphenylmethanol in TFA, followed 
by Fmoc derivitization as described by Athcrton et al. (1989, 
Solid Phase Peptide Synthesis, IRL Press: Oxford). Fmo- 
c.homohomocysteine(Trt) was prepared by reducing N.N- 
bis-Boc-glutamic acid-cc-methyl ester with borane-THF, fol- 
lowed by mesylation and reaction with trityl-mercaptide, 
followed by removal of the Boc groups with BF 3 OEt in 
acetic acid, and then Fmoc derivitization as described above. 
PhCH 2 CHBrCOOH was prepared by treating phenylalanine 
(in a solution of water and TFA/saturated with NaBr) with 
sodium nitrite, followed by distillation to recover the pure 
product. 

Where appropriate, 2-chloroacetyl, 2-bromoacetyl and 
2-bromo-3-phenylpropionyl groups were introduced either 
by using the appropriate 2-halo acid as the last residue 
coupled during SPPS, or by treating the N-terminus free 
amino acid peptide bound to the resin with either 2-halo 
acicVdiisopropylcarboo^iim^e/N-hydroxysucdnirnide/NMP 
or 2-halo acid anhydride/diisopropylethylarnine/NMP. 

Where appropriate, HPLC-purified 2-haloacylated pep- 
tides were cyclized by stirring an 0.1-1.0 mg/mL solution irV- 
phosphate or bicarbonate buffer or dilute ammonium 
hydroxide (pH 8.0), optionally containing 0.5-1.0 mM 
EDTA, or acetonitrile or THF for 1-48 h followed optionally 
by acidification with acetic acid, lyophilization and HPLC 
purification. 

Where appropriate, [BAM](N\N 4 -bis(2-mercapto-2-me- 
thylpropyl)-l,4,10-triazadecane) was conjugated to the pep- 
tide by first activating the peptide carboxylate with a mixture 
of diisopropylcarbodiirm^cvT^-hydroxysucdmrnide or 
HBTU/HOBt in DMF, NMP or methylene chloride, fol- 
lowed by coupling in the presence of diisopropylethyl amine. 
After coupling, the conjugates were deprotccted as 
described above. 

Where appropriate, BSME adducts were prepared by 
reacting single thiol-containing peptides (5 to 50 mg/mL in 
DMF buffered to pH 7 with N-methylmorpholine or 
N-ethyl-morpholine, or 50 mM sodium phosphate buffer, pH 
7-8, optionally containing 0.5 mM EDTA or DMF or THF 
or acetonitrile) with 0.5 molar equivalents of BMME (bis- 
maleimidomethylethcr) prc-dissolved in acetonitrile at room 
temperature for approximately 1-18 hours. The solution was 
concentrated and the product was purified by HPLC. 

Where appropriate, TSEA adducts were prepared by 
reacting single thiol-containing peptide (at concentrations of 
10 to 100 mg/mL peptide in DMF buffered to pH 7 with 
N-methylraorpholine or N-ethylmorpholine, or 5 to 50 
mg/mL peptide in 50 mM sodium phosphate, pH 7-8, 
optionally containing 0.5mM EDTA or DMF or THF or 
acetonitrile) with 0.33 molar equivalents of TMEA (tris(2- 
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maleimidoethyl)amine) pre-dissolved in acetonitrile or 
DMF, with or without 1 molar equivalent of triemanolainine, 
at room temperature for approximately 1-1 8h. Such reaction 
mixtures containing adducts were concentrated and the 
adducts were then purified using HPLC. 

Where appropriate, BAT-BS (N-[2-(N , ,N'-bis(2-succin- 
imidocthyl) ammoethyl)]-N 6 ,N 9 -bis (2-methyl-2-mercapto- 
propyl)-6,9-diazanonanamide) adducts were prepared by 
reacting single thiol-containing peptide (at concentrations of 
2 to 50 mg/mL peptide in DMF buffered to pH 7 with 
N-methyl-morpholine or N-ethyl-morpholine, or in 50 mM 
sodium phosphate (pH 7-8), optionally containing 0.5 mM 
EDTA or DMF or THF or acetonitrile) with 0.5 molar 
equivalents of BAT-BM (N-[2-(N\N'-bis(2-rnaleiniidoethy- 
l)aminoethyl)]-N 9 -(t-butoxycarbonyl)-N 6 ,N 9 -bis(2-methyl- 
2-triphenylmemylthiopropyl)-6,9-diazanonanamide) pre- 
dissolved in acetonitrile or THF, at room temperature for 
approximately 1-18 h. The solution was then evaporated to 
dryness and [BAT-BS]-peptide conjugates deprotected by 
treatment with lOmL TFA and 0.2 mL triethylsilane for 1 h. 
The solution was concentrated, the product adducts precipi- 
tated with ether, and then purified by HPLC. 

Where appropriate, the [DTPAJmoiety can be introduced 
using the method of Bakker et al. (1991,Life Sci. 49: 
1583-1591,hereby incorporated by reference). 

Resin-bound products were routinely cleaved using a 
solution of trifluoroacetic acid or trifluoroacetic acid and 
methylene chloride, optionally containing water, thioani- 
sole, ethanedithiol, and triethylsilane, prepared in ratios of 
100:5:5:2.5:2 for 0.5-3 h at room temperature. Crude pep- 
tides were purified by preparative high pressure liquid 
chromatography (HPLC) using a Waters Delta Pak C18 
column and gradient elution using 0.1% trifluoroacetic acid 
(TFA) in water modified with acetonitrile. Acetonitrile was 
evaporated from the eluted fractions which were then lyo- 
philized. The identity of each product was confirmed by fast 
atom bombardment mass spectroscopy (FABMS) or by 
electrospray mass spectroscopy (ESMS). 

Somatostatin analogues synthesized as provided herein, 
as well as the products of such synthesis identified by 
FABMS, are shown in Table I below. 
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EXAMPLE 2 

A General Method for Radiolabeling with Tc-99m 

0.1 mg of a peptide prepared as in Example 2 was 
dissolved in 0.1 mL of water or 50/50 cthanol/water or 
phosphate-buffered saline or 50 mM potassium phosphate 
buffer (pH =5, 6 or 7.4). Tc-99m gluceptate was prepared by 
reconstituting a Glucoscan vial (E.I. DuPont de Nemours, 
Inc.) with 1.0 mL of Tc-99m sodium pertechnetate contain- 
ing up to 200 mCi and allowed to stand for 15 minutes at 
room temperature. 25 ul of Tc-99m gluceptate was then 
added to the peptide and the reaction allowed to proceed at 
room temperature or at 100° C. for 15-30 min and then 
filtered through a 0.2 urn filter. 

The Tc-99m labeled peptide purity was determined by 
HPLC using the following conditions: a Waters Delta Pak 
RP-18, 5u, 4.6 mmx220 mm analytical column was loaded 
with each radiolabeled peptide, and the peptides eluted at a 
solvent flow rate equal to 1 mL/min. Gradient elution was 
performed beginning with 100% solvent A (0.1% 
CF 3 C00H/H 2 O) and ending with 100% solvent (0.1% 
CF 3 COOH/90% CH 3 CN/H 2 0) over the course of 10-20 
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Radioactive components were detected using an in-line between 1 and 4 minutes under these conditions, whereas the 
radiometric detector linked to an integrating recorder. Tc-99 Tc-99m labeled peptides eluted after a much greater amount 
m gluceptate and Tc-99 m sodium pertechnetate elute of time, as illustrated in Table I below. 



TABLE I 



Peptide 



C Acm GC Acm GGGF D .Cpa.YW D KTFT.ainide 

[DPTA]J : I> .Cpa.YW D KTFT(€-K)GC.amide 

nn.GGGF D .Cpa.YW D KTFT.amidc 

Ac.C Acm GC Acm F D .Cpa.YW D KTFT.amide 

F D .C^a.YW D KTFTC Acm GC Acm .amide 

[DPTA].I>NaLCpaYW D KTFT(e-K)GCKK.amide 

AKCGGGF D .Cpa.YW D KTFT.aniide 

[DPTA]J>Nal.Cpa.YW D KTFr(e-K)GC.amidc 

F D .Cpa.YW D KTFT.GGGC Acro GC ACT .amide 

PTPA].Aca.F D .Cpa.YW D KTFT(e-K)GC.amide 

[DTPA].(e-K)GCF D .FYW D KTFT.amide 

Ac.CGCF D .Cpa.YW D KTFT.amide 

F D .Cpa.YW D KTFTCGC.araide 

[DTPA].(D-Nal.CYW D KVCT) 2 

AcJ r D .FYW D KTFT(6-K)GC.amide 

Ac^DFVTVoKTFTGGGCe-K^Cainide 

Fu.Cpa.YWoKTCJ^al. amide 

K. [BAT] ,D-NaLC Mo YW U K VC Mc T. ami de . 

Aci^>FYW D KTFGGG(e-K)KC.arfflde 

Pic.GC Acm GGGF D .Cpa.YW D KTFT.amide 

tDTPA]J>NaLCYW D KVCT.amide 

(2-ketogulonyl)-D-NaIFYW D KVCT.amide 

F D .Cpa.YW D K.Abu.Nat.T(e-K)GC.aimte 

[DTPA] .K[BAT].D-Nal.C Mo YW D KVC Mc T. amide 

F D .Cpa.W D KTFT(e-K)GC.aiiiide 

[DTPA] .FnFYWDKTFIXe-K) GC. amide 

AF D CFW D KTC Mc T(CH 2 0H) 

[DTPA] JF D G YW D KTCT(CH 2 OH) 

[DTPA]J^aLSYW D KVTK.[BAT].amide 

[DPTA] .NaLS YW D KVCT.anride 



MH* 


RCY (%) 


Rt (nun) 


1749 


97 4 


15.7 2 


1837 


97 s 


15.5 2 


1417 


98 4 


12.2 3 


1619 


75* 


17.1, 17.5 2 


1*177 

ij / / 


93 3 


12.1 3 


2143 


nd 


nd 


1612 


98 s 


15-16 2 


18R7 
loo/ 


Q7 S 


lO.i 


1740 


to 


17.7 18.0 1 


1950 


97 2 


11.5* 


1802 


97 2 


1L5 3 


1477 


98 6 


18.1 2 


1435 


99 6 


16.8, 17.0 2 


2554 


97 e 


11.8-12.4 3 


1469 


96 2 


12.1, 12.6 3 


1640 


98 2 


11.9, 12.4 3 


1224 


88 6 


18.6, 20.4 2 


1573 


976 


12.5 3 


1710 


98 6 


15.9 2 


1681 


98 6 


13.8-16.8 1 


1473 


97 e 


11.0 3 


1318 


98 2 


12.4. 13.0 3 


1495 


95 s 


16.5 2 


1949 


96 6 ■ 


12.3 3 


1461 


98 3 


15.8 2 


1801 


97 3 


11.3 3 


1106 


99 l 


11.3-11.9 3 


nd 


96 2 


10.6 1 


1801 


96 2 


12.0 3 


1457 


95 6 


11.6 s 



*The following labeling conditions were used with the appropriate peptides: 

1. The peptide is dissolved in 50 mM potassium phosphate buffer (pH 7.4) and labeled at room 
temperature. 

2. The peptide is dissolved in water and labeled at room temperature. 

3. The peptide is dissolved in water and labeled at 100° C. 

4. The peptide is dissolved in 50% ethanol/water and labeled at 100° C. 

5. The peptide is dissolved in 10% byaroxypropylcyclodextrin and labeled at room temperature. 

6. The peptide is dissolved in 50% ethanol/water labeled at room temperature, 
**HPLC methods: 

general: 

solvent A = 0.1% CF3CO0H/H 2 O 

solvent B 9Q = 0.1% CF 3 COOH/90% CH 3 CN/H 2 0 

solvent flow rate = 1 mL/min 

Vydak column = Vydak 218TP54 RP-18, 5u x 220 mm x 4.6 mm analytical column with guard column 
Waters column = Waters Dclta-Pak C18, 5 um, 39 x 150 mm 
Method 1: Vydak column 100% A to 100% B M in 10 min 
Method 2: Waters column 100% A to 100% B^ in 20 min 
Method 3: Waters column 100% A to 100% in 10 min 

Single-letter abbreviations for amino acids can be found in G. Zubay, Biochemistry (2d. ed.), 1988 
(MacMillen Publishing: New York) p. 33; Ac = acetyl; Acm = acetamidomethyl; ma = mercaptoacctic 
acid; Aca = 6-aminocaproic acid; Hly = homolysine; Ape = L-[S — (3-aminopropyl)cysteine; F D = 
D-phenylalaninc; W D = D- tryptophan; Y D = D-tyrosine; Cpa = I^-(4-chlorophenyl)alanine; D-Nal 
=E>-2-nnphthy Lalanine ; Nle = norleucine; Hey = homocysteine; Hhc = homohornocysteine; Pen = 
penicillamine; Aib = anrinoisobutyric acid; Nal = 2-naphthylalanine; D-Nal = D-2-naphthylalanine; Ain 
= 2-aininoindane-2-carboxylic add; Achxa = 4-amino-cycIohexylalaninc; Amf = 4-aminomethyl- 
phenylalanine; Acc = S — (2-aminocthyl)cysieine; Ape = S— (3 -aminopropy Cysteine; Aes = O — (2- 
aminoethyl)serine; Aps = O — (3-aminopropyl)serine; Abu = 2-aminobutyric acid; Nva = norvaline; 
T(CH 2 OH) = threoninol (on which the carboxylic acid moiety has been reduced to a primary alcohol); 
e-K = a lysine residue in a peptide in which the peptide bond involves the e- amino group on the lysine 
sidechain rather than the a-amino group; Pic = picolinoyl (pyridine- 2-cart»nyl); Pica = picolylamine 
(2-(aminomethyl)pyridine); BAT =N 6 .r^-bis(2-niercapto-2-memylpit)pyl)-6,9-diaianonanoic acid; 
BAT (protected) = N'-O-butoxycarbonylJ-N 6 J^-bis(2-memyl-2-mpbcnylmcmylthiopropyl>6,9-dia- 
zanonanoicacid; BAM = N l J^ 4 -bis(2-mercapto-2-niemylpTOpyl)-l,4,10-triazadccane; BAM (pro- 
tected) = N ! -(t-butoxycarbonyl)-N ^N 4 -bis(2-memyl-2-tripbenylroemyl&iop^opyl)-l ,4, 1 0-triazadc- 
cane; (BAT- BMJ = N-l2-(N\N^bis(2-malciiiudoemyl)an^ 

bis(2-mcmyl-2-triphenylrnemyltttoprop [BAT-BS1 = N-[2-(N , ,N'-bis(2- 

sucdmmidoemyl)aminoeihyl]-N 6 ,r^-bis(2-mercapto-2-mc^ 

[BMME] = bis-malcimidomethylether; [BSME] = bis-sucdnimidomethylctber, [DTPA] =diethylen- 
etriaminepentaacetic acid. 

RCY (%) - radiochemical yield (determined by HPLC) 
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EXAMPLE 3 



Inhibition of Binding of [^I-iyr 1 ^somatostatin- 14 
to AR42J Rat Pancreatic Tumor Cell Membranes 

The ability of various somatostatin analogues of the 
invention to bind to somatostatin receptors in vitro was 
demonstrated by assaying the ability of such analogues to 
inhibit binding of a radiolabeled somatostatin analogue to 
somatostatin receptor-containing cell membranes. The rat 
pancreatic tumor cell line AR42J which expresses the soma- 
tostatin receptor was cultured in Dulbecco's minimal essen- 
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20 



wastled thrice with 5 mL cold HEPES buffer. The filter and 
a sample of the filter washings were then counted in a 
gamma counter. To assess non-specific binding, the assay 
was performed in the presence of unlabeled somatostatin- 14 
at 200 nM. Data analysis including Hill plots of the data 
provided inhibition constants (see Bylund & Yamamura, 
"Methods of receptor binding", in Methods in Neurotrans- 
mitter Receptor Analysis, Yamamura et al., eds., Raven 
Press: New York, 1990). 

These results are presented in the following Table. The 
data show that the peptides of the instant invention have a 
high affinity of binding for somatostatin receptors. 



TABLE n 

MH + Ki(nM) 



Peptide 

C Acm GC Acm GGGF D .Cpa.YW D KTFT.aniide <0-01 

[DTPA] JF D . CPa. YW D KTFT(e-K)GC.amide 0.24 

maGGGF D .Cpa.YW D KTFT.amide 0.25 

Ac.C Aail GC Acm F D .CPa.YW D KTFr.amide 0.73 

F D .CPa.YW D KTFTC AOT GC AOT .ainide 0.85 

pTPA]J>NalCpa.YW D KTFT(e-K)GCKK.amide 1.3 

AKCG GGF D .Cpa. YW D KTFT.amide 1 -4 

[DTPA] JD-NaiCpa. YW D KTFT(€-K)G C.amide 2.0 

F D .Cpa.YWoKTFT, G GG C Acm GC Acm . ami de 2.4 

[DTPA].Aca.F D .Cpa.YW D KTFT(£-K)GCamide 2.6 

[DTPA].(e-K)GCF D .FYW D KTFT.amide 3.3 

Ac.CXjCF D .Cpa.YW D KTFr.aimdc 4.4 

F D .CpaW D KTFTCGC.amide 4.8 

[DTPA].(D-NaLCYW D KVCT) 2 7.2 

Ac.F D .FYW D KTFT(e-K)GC.amide 7.9 

Ac.F D FYW D KTFTGGG(e-K)GC.amide 8.2 

F D .Cpa.YW D KTC.Nal.ainide 8-2 

K. [B AT] .D-Nal.C Mo YW D KVC Mc T. amide 9.9 
[Re=0]-compIexed Peptides 

[DTPA].D-NaLCpa.YW D KTFT(e-K)GC.amide 2085 0.007 

[DTPA].F D .Cpa.YW D KTFT(e-K)GC.amide 2036 0.027 

F D .Cpa.YW D KTFT(eK)GC.amide nd 0.36 

F D .CPiYW D KTFTCGC.ainide 1635 0.37 

C Acm GC Acm GGGF D .Cpa,YW D KTFT.amide 1807 0.43 

AKCGGGF D ,Cpa.YW D KTFT.amide 1812 0.76 

maGGGF D .Cpa. YW D KTFT. amide 1618 0.97 

Ac.F D FYW D KTFT(e-K)GC.amide 1688 1.5 

AKCGGGF D FYW D KTFT.amide 1812 2.9 

F D .Cpa.YW D K.Abu.NaiT(e-K)GC.amide 1695 3.3 

Ac.CGCF D .Cpa.YW D KTFT.amide 1677 4.1 

Ac.F D FYW D KTFGGG(£-K)KCamide 1911 6.1 

Ac.F D FYW D KTFTGGGCe-K)GC.amide 1840 8.1 

[DTPA].Aca.F D .Cpa.YW D KTFT(6-K)GC.amidc 2149 8.2 



tial media (DMEM) supplemented with 10% fetal bovine 
serum (FBS) and 8 mM glutamine in a humdified 5% C0 2 50 
atmosphere at 37° C. in'T-flasks. Harvested cells were 
homogenized in cold 50 mM Tris-HCl buffer (pH 7.4) and 
the homogenate then centrifuged at 39,000 g for 10 min at 
4° C. Pellets were washed once with buffer and then 
resuspended in an ice-cold solution of 10 mM Tris-HCl (pH 55 
7.4). Equal aliquots of this cell membrane preparation were 
incubated with [ l25 I-Tyr"]somatostatin-14 (at a final con- 
centration of 0.5nM and 750,000 cpm/mL, at a specific 
activity of 2000 Ci/mmol, Amersham, Arlington Heights, 
111.) and peptide at a final concentration of from 10" u M to 60 
10" 6 M in a solution of 50 mM HEPES (pH 7.4) containing 
1% bovine serum albumin (BSA), 5 mM MgCl 2 , Trasylol 
(200,000 International Units), bacitracin (0.02 mg/mL) and 
phenylmethylsulfonylfluoride (0.02 mg/mL) for 25 min at 
30° C. Using a filtration manifold, this mixture was filtered 65 
through a polyethyleneimine-washed GC/F filter (Whatman, 
Maidstone, England), and the residue remaining on the filter 



It should be understood that the foregoing disclosure 
emphasizes certain specific embodiments of the invention 
and that all modifications or alternatives equivalent thereto 
are within the spirit and scope of the invention as set forth 
in the appended claims. 

What is claimed is: 

1. A composition of matter that is linear somatostatin 
receptor-binding peptide reagent having the formula: 

X'-A^-BWBW-C'tf-X* 

wherein 

X 1 and X 2 arc each independently hydrophilic moieties 
wherein X 1 is an amino acid, or a peptide having an 
amino acid sequence of no more than 10 residues, or a 
monosaccharide, or an oligosaccharide comprising 10 
or fewer saccharide units, or a polyoxyanion, and X 2 is 
a polyoxyanion, or an amino acid, or a peptide having 
an amino acid sequence of no more than 10 residues 
(including peptides wherein the carboxyl group of the 
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carboxyl-terminal amino acid is reduced to an alcohol), 

or a monosaccharide or an oligosaccharide comprising 

10 or fewer saccharide units; 
A 1 , A 2 and C 1 are each independently a lipophilic D- or 

L-amino acid, or S-alkylated cysteine, penicillamine, 5 

homocysteine or homohomocysteine; 
B 1 is D- or L-Phe, or D- or L-Tyr, or D- or L-Nal, or Ain 

or substituted derivatives thereof; 
B 2 is D- or L-Trp or substituted derivatives thereof; 
B 3 is D- or L-Ly s, or Ky, Achxa, Amf, Aec, Ape, Aes, Aps 10 

or substituted derivatives thereof; 
B 4 and C 2 are each independently D- or L-Thr, Ser, Val, 

Phe, He, Abu, Nle, 
Leu, Nva, Nal or Aib or substituted derivatives thereof; 
and wherein the somatostatin receptor-binding peptide 
reagent does not comprise a radiolabel chelating moiety. 

2. The composition of matter of claim 1 wherein B 1 is 
phenylalanine or tyrosine, B 2 is D-tryptophan, B 3 is lysine 
and B 4 is threonine or valine. 

3. The composition of matter of claim 1 further compris- 20 
ing a polyvalent linking moiety that is covalently linked to 

a multiplicity of the somatostatin receptor-binding peptides 
to form a multimeric polyvalent somatostatin receptor bind- 
ing agent, wherein the molecular weight of the multimeric 
polyvalent somatostatin receptor binding agent is less than 25 
about 20,000 daltons. 

4. The composition of matter of claim 3 wherein the 
polyvalent linking moiety is bis-succinimidylmethylether, 
4-(2,2-dimethylacetyl)benzoic acid, N-[2-(N',N'-bis(2-suc- 
dnimidoetliyyarninoethyl)]-^, N 9 -bis(2-methyl-2-mercap- 30 
topropyl)-6,9-diazanonanamide, tris(succiriimidylethy- 
l)amine or a derivative thereof. 

5. The composition of matter of claim 1 wherein the . 
somatostatin receptor-binding peptide is chemically synthe- 
sized in vitro. 35 

6. The composition of matter of claim 5 wherein the 
somatostatin receptor-binding peptide is synthesized by 
solid phase peptide synthesis. 

7. A method for alleviating a somatostatin-related disease 
in an animal comprising administering a therapeutically 
effective amount of the somatostatin receptor binding pep- 40 
tide of claim 1 to the animal. 

8. The method of claim 7 wherein the animal is a human. 

9. A composition of matter that is a linear somatostatin 
receptorbinding peptide reagent having the formula: 

45 

x'-a'a^bWb'-c^-x 2 
wherein 

X 1 is H, lower alkyl or substituted alkyl, aryl or substi- 
tuted aryl, alkanoyl or substituted alkanoyl, aroyl or 50 
substituted aroyl, or a hydrophilic moiety; 

A 1 , A 2 and C 1 arc each independently a lipophilic D- or 
L-amino acid, or S-alkylated cysteine, penicUlamine, 
homocysteine or homohomocysteine; 

B 1 is D- or L-Phe, or D- or L-Tyr, or D- or l^Nal, or Ain 55 
or substituted derivatives thereof; 

B 2 is D- or L-Trp or substituted derivatives thereof; 

B 3 is D- or L-Ly s, or Hly, Achxa, Amf, Aec, Ape, Aes, Aps 
or substituted derivatives thereof; ^ 

B 4 and C 2 are each independently D- or L-Thr, Ser, Val, 
Phe, He, Abu, Nle, Leu, Nva, Nal or Aib or substituted 
derivatives thereof; 

X 2 is — COOR 9 , --CH 2 OH, CH 2 COOR 9 ,or 
— CONCR 9 )^ where each R 9 is independently H, lower 65 
linear or cyclic alkyl or substituted derivatives thereof 
or substituted with a hydrophilic moiety; 



and wherein the somatostatin receptor binding peptide is 
covalently linked to a radiolabel-binding moiety, wherein 
the radiolabel-binding moiety is not covalently linked to the 
moieties B 1 , B 2 , B 3 or B 4 of the peptide and wherein the 
radiolabel binding moiety is capable of binding Tc-99m, 
Re-186 or Re-188. 

10. The composition of matter of claim 9 wherein X 1 is a 
an amino acid, or a peptide having an amino acid sequence 
of no more than 10 residues, or a monosaccharide, or an 
oligosaccharide comprising 10 or fewer saccharide units, or 
a polyoxyanion and X 2 is a polyoxyanion, or an amino acid, 
or an amino acid, or a peptide having an amino acid 
sequence of no more than 10 residues, or a monosaccharide, 
or an oligosaccharide comprising 10 or fewer saccharide 
units. 

11. The composition of matter of claim 9 wherein B l is 
phenylalanine or tyrosine, B 2 is D-otryptophan, B 3 is lysine 
and B 4 is threonine or valine. 

12. The composition of matter of claim 9 wherein the 
reagent further comprises a polyvalent linking moiety 
covalently linked to a multiplicity of the somatostatin recep- 
tor binding peptides and also covalently linked to a multi- 
plicity of radiolabelbinding moieties to comprise a reagent 
for preparing a multimeric polyvalent somatostatin receptor 
binding reagent, wherein the molecular weight of the mul- 
timeric polyvalent somatostatin receptor binding reagent is 
less than about 20,000 daltons. 

13. The composition of matter of claim 12 wherein the 
polyvalent linking moiety is bis-succinimidylmethylether, 
4-(2,2-dimethylacetyl)benzoic acid,. N-[2-(N'J^'-bis(2-suc- 
cinirm^emy)ammethy)]-N 6 ,N 9 -bis(2-methyl-2-mercapt- 
prpy)-6,9-diazanonanamide, tris(succinimidylethyl)amine 
or a derivative thereof. 

14. A scintigraphic imaging agent comprising the com- 
position of matter of claim 9 radiolabeled with technetium- 
99m, 

15. A radiotherapeutic agent comprising the composition 
of matter of claim 9 radiolabeled with a cytotoxic radioiso- 
tope selected from the group consisting of rhenium- 186 and 
rhenium- 188. 

16. A complex formed by reacting the composition of 
matter of claim 9 with technetium-99m in the presence of a 
reducing agent. 

17. The complex of claim 16 ,wherein the reducing agent 
is selected from the group consisting of . a dithionite ion, a 
stannous ion and a ferrous ion. 

18. A complex formed by labeling the composition of 
matter of claim 9 with technetium-99m by ligand exchange 
of a prereduced technetium-99m complex. 

19. A composition comprising the composition of matter 
of claim 9 and a stannous ion. 

20. A kit for preparing a radiopharmaceutical preparation, 
said kit comprising a sealed vial containing a predetermined 
quantity of the composition of matter of claim 9 and a 
sufficient amount of reducing agent to label the reagent with 
technetium-99m. 

21. A method for labeling a composition of matter accord- 
ing to claim 9 comprising reacting the composition of matter 
with technetium-99m in the presence of a reducing agent. 

22. The method of claim 21, wherein the reducing agent 
is selected from the group consisting of a dithionite ion, a 
stannous ion and a ferrous ion. 

23. A composition of matter according to claim 9 wherein 
the somatostatin receptor-binding peptide is chemically syn- 
thesized in vitro. 

24. A composition of matter according to claim 23 
wherein the somatostatin receptor-binding peptide is syn- 
thesized by solid phase peptide synthesis. 

25. A composition of matter according to claim 23 
wherein the radiolabel-binding moiety is covalently linked 
to the somatostatin receptor-binding peptide during in vitro 
chemical synthesis. 
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26. A composition of matter according to claim 25 
wherein the radiolabel-binding moiety is covalently linked 
to the somatostatin receptor-binding peptide during solid 
phase peptide synthesis. 

27. A reagent for preparing a scintigraphic imaging agent 
for imaging sites within a mammalian body comprising a 
composition of matter according to claim 9 that is a soma- 
tostatin receptor-binding peptide and a radiolabel-binding 
moiety covalently linked thereto, the radiolabel-binding 
moiety having the formula: 

C(pEp)Maa>-C(pgp)' 

wherein (pgp) J is H or a thiol protecting group and (aa) is an 
amine acid; or 

A-CZtBHOTlvX 

wherein 

A is H, HOOC, H 2 NOC, (peptide)-NHOC, (peptide)- 

OOC or R""; 
B is H, SH, -NHR"\ -N(R'")-(peptide), orR""; 
X is H, SH, -NHR'", -N(R"')-(peptide) or R""; 
Z is H or R n "; 

R', R", R"' and R"" are independemly H or lower straight 

or branched chain or cyclic alkyl; 
n is 0, 1 or 2; 
and 

where B is -NHR"' or -N(R' M )-(peptide), X is SH, and n is 1 
or 2; 

where X is -NHR"' or -N(R"')-(peptide), B is SH, and n is 1 
or 2; 

where B is H or R"",A is HOOC, H 2 NOC, (peptide)-NHOC, 

(peptide)-OOC, X is SH, and n is 0 or 1; 
where A is H or R"", then where B is SH, X is -NHR'" 

or-N(R'")-(peptide) and where X is SH, B is -NHR'"or- 

N(R'"-(peptide); 
where X is H or R"*\ A is HOOC, H 2 N0C, (peptide)-NHOC^. 

(peptide)-OOC and B is SH; 
where Z is methyl, X is methyl, A is HOOC, H 2 N0C, 

(peptide)-NHOC, (peptide)-OOC, B is SH and n is 0; 
where B is SH and X is SH, n is not 0; or 

N 

f — — CO-(amino acid)-cysteine-CO — 
SX 



10 



—HN- cysteine- (amino acid)-NH— CH2 
SX 



wherein 
X=H or a protecting group; 
(amino acid)=any amino acid; or 




/ 

NH 

/ 

(CRl)m 

S-(pgp)' 



\ 



N — A — CO-peptide 
(CR 2 ) P 
S-Cpgp)* 
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25 



30 



35 



50 



55 



60 



wherein 

each R is independently H, CH 3 or C 2 H 5 ; 

each (pgp) J is independently a thiol protecting group or H; 

m, n and p arc independendy 2 or 3; 
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A=linear or cyclic lower alkyl, aryl, heterocyclyl, com- 
binations or substituted 
derivatives thereof; 



/ 

NH 

/ 

(CR2) m 
SH 



(CRzV 



\ 



N-A-CH(V)NHR' 
(CR 2 ) P 
SH 



wherein 

each R is independently H, CH 3 or C^; 

m, n and p are independently 2 or 3; 

A=linear or cyclic lower alkyl, aryl, heterocyclyl, com- 
binations or substituted 

derivatives thereof; 

V=H or-CO-peptide; 

R=H or peptide; 
and wherein when V=H, R'=peptide and when R'=H, 
V=-CO-peptide; wherein each R is independendy H, lower 
alkyl having 1 to 6 carbon atoms, phenyl, or phenyl substi- 
tuted with lower alkyl or lower alkoxy, and wherein each n 
is independendy 1 or 2. 

28. The reagent of claim 27 wherein the cysteine of the 
radiolabel-binding moiety having formula 

C(pgpMaa)-C(pgp)' 

has a protecting group of the formula 

— CH 2 -NH-C0-R 

wherein R is a lower alkyl having 1 to 6 carbon atoms, 
2-,3-,4-pyridyl, phenyl, or phenyl substituted with lower 
alkyl, hydroxy, lower alkoxy, carboxy, or lower alkoxycar- 
bonyl. 

29. The reagent of claim 32 wherein the radiolabel- 
binding moiety C(pgp) J -(aa)-C(pgp) s has the formula: 



40 



45 



— HN- 



■CH 

I 

CH 2 — S 



CO-NH-CHj-CO- 
CH2—NHCOCH3 



-NH- 



CH2SCH2NHCOCH3 
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30. A scintigraphic imaging agent that is the reagent of 
claim 27 radiolabeled with technetium-99m. 

31. A complex formed by reacting the reagent of claim 27 
with technetium-99m in the presence of a reducing agent. 

32. The complex of claim 31, wherein the reducing agent 
is selected from the group consisting of a dithionite ion, a 
stannous ion and a ferrous ion. 

33. A complex formed by labeling the reagent of claim 27 
with technetium-99m by hgand exchange of a prereduced 
technetium-99m complex. 

34. A composition comprising the reagent of claim 27 and 
a stannous ion. 

35. A kit for preparing a radiopharmaceutical preparation, 
said kit comprising a sealed vial containing a predetermined 
quantity of the reagent of claim 27 and a sufficient amount 
of reducing agent to label the reagent with tcchnetium-99m. 

36. A method for labeling a reagent according to claim 27 
comprising reacting the reagent with technetium-99m in the 
presence of a reducing agent. 

37. The method of claim 36, wherein the reducing agent 
is selected from the group consisting of a dithionite ion, a 
stannous ion and a ferrous ion. 

38. A method for imaging a site within a mammalian body 
comprising administering an effective diagnostic amount of 



5,620,675 
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the reagent of claim 30 and detecting the technetium-99m 
localized at the site in the mammalian body. 

39. The reagent according to claim 27 wherein the soma- 
tostatin receptor-binding peptide comprising the reagent is 
chemically synthesized in vitro. 5 

40. The reagent according to claim 39 wherein the soma- 
tostatin receptor-binding peptide is synthesized by solid 
phase peptide synthesis. 

41. The reagent according to claim 39 wherein the radio- 
label-binding moiety is covalently linked to the somatostatin 
receptor-binding peptide during in vitro chemical synthesis. 

42. The reagent according to claim 41 wherein the radio- 
label-binding moiety is covalently linked to the somatostatin 
receptor-binding peptide during solid phase peptide synthe- 
sis. 

43. The reagent of claim 27 wherein the reagent further 15 
comprises a polyvalent linking moiety covalently linked to 

a multiplicity of the somatostatin receptor binding peptides 
and also covalently linked to a multiplicity of radiolabel- 
binding moieties to comprise a reagent for preparing a 
multimeric polyvalent somatostatin receptor binding 20 
reagent, wherein the molecular weight of the multimeric 
polyvalent somatostatin receptor binding reagent is less than 
about 20,000 daltons. 

44. The reagent of claim 43 wherein the polyvalent 
linking moiety is bis-succinimidylmethylether, 4-(2,2-dim- 25 
ethylacetyl)benzoic acid, N-[2-(N\N'-bis(2-succiriimidethy- 
l)aminethyl) ]-N 6 ,N 9 -bis(2-methyl-2-mercaptopropyl)-6,9- 
diazannanamide, tris(succinimidylemyl)amine or a 
derivative thereof. 

45. A composition of matter according to claim 9 wherein 
the radiolabcl binding moiety forms a neutral complex with 
technetium-99m. 

46. A composition of matter according to claim 9 radio- 
labeled with technetium-99m. 

47. A composition of matter according to claim 9 radio- 
labeled with a radioisotope selected from the group consist- 35 
ing of, rhenium-186 and rhenium-188. 

48. A composition of matter comprising a somatostatin 
receptor-binding peptide reagent selected from the group v 
consisting of reagents having the formula: 
C>i cm GC Acm GGGF D .Cpa.YW^TFT.arnide 40 
[DTPA].F D .Cpa.YW jD KTFT(e-K)GC.amide 

ma. GGGF £) .Cpa.YW z> KTFT. amide 
Ac.C ATO GC Ac JF 0 .Cpa.YW z ^aFT.amide 
F 0 .Cpa.YW i> KTFTC Acm GC ytcm .amide 
[DTPA].D-Nal.Cpa.YW Z) KTFT(e-K)GC.amide 45 
AKCGGGF z> .Cpa.YW ZJ KTFT.amide [DTPA].D-Nal- 

.Cpa.W 0 KTFT(e-K)GC.amide 
F £) .Cpa.YW z> KTFT.GGGC /lcm GC Acm .amide 
PTPA].AcaJ D .Cpa.YW 0 KTFT(€-K)GC.amidc 
[DTPA].(e-K)GCF D .FYW D KTFT.amide 50 
Ac.CGCF 0 .Cpa.YW 0 KTFT.amide 
F D .Cpa.YW D KTFTCGC.amide 
[DTPAl.OD-Nal.CYW^KVCDj 
Ac.F D .FYW 0 KTFT(e-K)GC.amide 

Ac.F i? FYW^KTFTGGG(€-K)GC.amide 55 
C A cmGC Acm GGGF D .Cpa.YW D KlTT.arnide 
F D .Cpa.YW 0 KTC.Nal.amide 
K.[BAT].D-Nal. C^YWoKVC^T.amide 
Ac.FoFYWoKTFGGGCe-^KCamide 
Pic.GC Acm GGGF D .Cpa.YW 0 KTFT. amide [DTPA].D-Nal- 
.CYW D KVCT.amide 



(2-ketogulonyl)-D-NalFYW 0 KVCT.amide 

F Z3 .Cpa.YW J0 K.Abu.Nal.T(€-K)GC.amide 

[DTPA]X[BAT].D-Nal.C^YW^KVC w J.amide 

F D .Cpa.YW D KTFT(e-K)GC.amide 

[DTPA].F D FYW D KTFT(e-K)GC.amide 

AF^CFWoKTC^CHjOH) 

[DTPA] .F D GYW D KTCT (CH 2 OH) 

[DTPA].Nal.SYW z> KVTK.[BAT]. amide 

[DTPA].Nal.SYW D KVCT.amide. 

49. The composition of matter of claim 48 radiolabeled 
with technetium-99m. 

50. The composition of matter of claim 48 radiolabeled 
with a radioisotope selected from the group consisting of 
rhenium-186 and rhenium-188. 

51. A method for alleviating a somatostatin-related dis- f) 
ease in an animal comprising administering a therapeutically 
effective amount of the composition of matter of claim 1 to 
the animal. 

52. The method of claim 51 wherein the animal is a 
human, 

53. The method of claim 51 wherein the therapeutically 
effective amount of the composition of matter administered 
to the animal is from about 0.1 to about 49 mg/kg body 
weight/day. 

54. A method for alleviating a somatostatin-related dis- 
ease in an animal comprising administering a therapeutically 
effective amount of the radiotherapeutic agent of claim 15 to 
the animal. 

55. The method of claim 54 wherein the animal is a 
human. 

56. The method of claim 54 wherein the therapeutically 
effective amount of the radiotherapeutic agent administered 
to the animal is from about 10 to about 200 mCi. 

57. A pharmaceutical composition comprising the radio- 
therapeutic agent of claim 15 in a pharmaceutically-accept- 
able carrier. 

58. A pharmaceutical composition comprising a compo- 
sition of matter according to claim 1 that is a somatostatin 
receptor binding peptide in a pharmaceutically acceptable 
carrier. 

59. A complex formed by reacting the composition of 
matter of claim 9 with a non-radioactive metal. 

60. The complex of claim 59 wherein the non-radioactive 
metal is rhenium. 

61. A complex formed by reacting the composition of 
matter of claim 12 with a non-radioactive metal. 

62. The complex of claim 59 wherein the non-radioactive 
metal is rhenium. 

63. A complex formed by reacting the composition of 
matter of claim 27 with a non-radioactive metal. 

64. The complex of claim 63 wherein the non-radioactive 
metal is rhenium. 

65. A complex formed by reacting the composition of 
matter of claim 43 with a non-radioactive metal. 

66. The complex of claim 38 wherein the non-radioactive 
metal is rhenium. 

67. A complex formed by reacting the composition of 
matter of claim 48 with a non-radioactive metal. 

68. The complex of claim 67 wherein the non-radioactive 
metal is rhenium. 



